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Los ftalatos o ésteres del ácido ftálico son compuestos químicos usados en la 
industria desde 1930, principalmente como plastificantes en polímer s y también 
como aditivos en gran variedad de productos. Los efectos de la exposición humana 
a los ftalatos han sido ampliamente discutidos y en la actualidad están clasificados 
por la Unión Europea como disruptores endocrinos. Debido a su fuerte impacto 
ambiental y a sus repercusiones sobre la salud, diversas organizacio es 
gubernamentales han establecido regulaciones para limitar la exposición humana. 
Teniendo en cuenta estas consideraciones, el interés en el estudio de este tipo de 
sustancias químicas ha aumentado enormemente durante los últimos años por lo 
que se hace necesario seguir investigando en el desarrollo de métodos analíticos 
selectivos y sensibles que nos permitan analizar estos compuestos a nivel de trazas. 
 
El objetivo común a todos los capítulos experimentales que componen esta Tesis 
Doctoral es evaluar el nivel de exposición a ftalatos en la población como 
consecuencia del uso de distintos productos y evidenciar así el riesgo que supone 
para la salud humana mediante el desarrollo de métodos sensibles y específicos con 
el menor grado posible de manipulación de la muestra. 
La técnica analítica elegida ha sido la cromatografía líquida de alta resolución 
acoplada a la espectrometría de masas, simple y en tándem (LC-MS y LC-
MS/MS). En algunos casos fue necesario desarrollar previamente distintas técnicas 
de extracción/preconcentración de la muestra. 
Los ftalatos utilizados en este estudio han sido elegidos en función de su 










- Realizar una amplia revisión bibliográfica para abordar el g ado de conocimiento 
científico existente en relación con el análisis de ftalatos en todo tipo de matrices, 
con el fin de conocer desde los procedimientos de extracción y preconcentración, 
las técnicas de separación y los sistemas de detección más adecuados hasta los 
problemas de contaminación en el análisis de estos compuestos y su posible origen. 
 
Capítulo II:  
- Desarrollar un método analítico adecuado para la identificación y cuantificación 
de una mezcla de cuatro diésteres del ácido ftálico (DMP, DEP, BB  y DBP) 
mediante LC-MS.  
- Aplicar el método desarrollado al análisis de muestras de suero salino 
comercializadas en envases de plástico monodosis con el fin de evidenciar la 
posible migración de ftalatos desde los envases de plástico a las soluciones salinas. 
 
Capítulo III: 
- Adaptar el método analítico desarrollado en el capítulo anterior a la cromatografía 
líquida de alta resolución con espectrometría de masas en tándem (LC-MS/MS) 
con el fin de mejorar la sensibilidad del método y conseguir mayor inf rmación 
sobre los niveles de ftalatos liberados desde los envases de plástico monodosis a las 








Capítulo IV:  
- Ampliar el método analítico al análisis de una mezcla de seis ftalatos, entre los 
que se incluyen el DMP, DEP, BBP, DBP, DEHP y DOP mediante LC-MS, 
utilizando el DPeP como estándar interno. 
- Desarrollar una técnica de extracción/preconcentración que permita aplicar el 
método optimizado para la determinación de estos compuestos en las nutriciones 
parenterales utilizadas en el ámbito hospitalario. 
 
Capítulo V: 
- Estudiar la presencia de cuatro ftalatos (DMP, DEP, BBP, DBP) en soluciones 
comerciales utilizadas en la limpieza de lentes de contacto aplicando el método de 
LC-MS/MS desarrollado previamente.  
- Estudiar la posible migración de estos ftalatos desde las lentes de contacto a una 
solución de lágrima artificial. 
 
Capítulo VI:  
- Desarrollar un método de extracción y preconcentración para un grupo de seis 
ftalatos (DMP, DEP, BBP, DBP, DEHP y DOP) a partir de muestras de film 
transparente utilizado en la conservación de alimentos. 
- Determinar y cuantificar estos compuestos mediante el método LC-MS 
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Los compuestos químicos protagonistas en el desarrollo de este trabajo son los 
ftalatos, químicamente denominados diésteres del ácido ftálico o dialquil o alquil-
aril ésteres del ácido 1,2-bencenodicarboxílico. Se trata de un grupo de compuestos 
químicos ampliamente distribuídos en el ambiente como consecuencia d su uso en 
la fabricación de una gran variedad de productos, entre los que se incluyen 
plásticos, cosméticos, lacas de uñas, sprays para el pelo, perfumes, juguetes, 
dispositivos médicos, material de construcción, material de envasado de alimentos, 
ropa, pinturas, lubricantes, adhesivos etc. 
 
A nivel industrial, el interés de los ftalatos radica en sus propiedades físico-
químicas que los convierten en los aditivos idóneos en la fabricación de polímeros 
por la función plastificante que desempeñan. De la producción mundial de ft atos 
(se estima en varios millones de toneladas al año) aproximadamente el 10% se 
utiliza en la industria textil, en la formulación de pesticidas, en la fabricación de 
productos para el cuidado personal (lociones, desodorantes, perfumes), tinta , 
pinturas, etc y el 90% restante es utilizado como plastificante en los procesos de 
polimerización que tienen lugar en la fabricación de los plásticos. 
Los plásticos son estructuras macromoleculares formadas por un componente 
estructural principal, el polímero, al que se le añaden una serie de aditivos para 
obtener determinados efectos tecnológicos; entre estos aditivos se encuentran los 
ftalatos cuya función es aumentar la flexibilidad y maleabilidad en estos productos. 
La ausencia de uniones químicas covalentes entre los ftalatos y la matriz 
polimérica que forma los plásticos facilita la migración de los mismos y su 





El interés de estos compuestos en Salud Pública radica en los riesgos para la salud 
que se derivan de la presencia de estas sustancias en nuestro entorno (suelo, agua, 
aire, alimentos…) y como consecuencia su aparición en el organismo humano. 
Debido a su amplio uso y moderada persistencia son considerados importantes 
contaminantes ambientales y su regulación abarca todos los aspectos de su 
producción, transporte, uso y eliminación. 
Resultados de estudios toxicológicos revelan que los ftalatos pueden afectar a la 
salud humana en diversos aspectos, especialmente al sistema reproductivo, 
endocrino y respiratorio. Algunos ftalatos que han sido objeto de estudio en este 
trabajo como el BBP, DBP y DEHP han sido clasificados como tóxicos para la 
reproducción (categoría 2) por la Unión Europea. 
 
Teniendo en cuenta estas consideraciones, el interés en el estudio de este tipo de 
sustancias químicas ha aumentado enormemente durante los últimos años por lo 
que se han ido desarrollando numerosos métodos para su determinación e una 
amplia gama de matrices, incluyendo agua, suelo, aire, artículos para el cuidado 
personal y alimentos. 
 
En el trabajo que se desarrolla a continuación se exponen las distintas técnicas y 
métodos analíticos descritos en la literatura para la determinación de ftalatos en 
diferentes tipos de muestras; desde los tratamientos de extracción y 
preconcentración realizados sobre las muestras (SPE, LLE, SBSE, etc) hasta las 
técnicas empleadas para su separación (HPLC, GC, CE) y posterior id ntificación 
mediante el uso de distintos detectores (UV, ECD, FID, MS). 
En la última parte se hace una mención especial al principal problema relacionado 
con el análisis de ftalatos, la contaminación, puesto que este rigo está presente en 
todo el proceso analítico y puede derivar en resultados falsos positivos o en 
concentraciones sobre-estimadas de estas sustancias. 
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This chapter summarizes and discusses the analytical methods and techniques 
described in the literature for phthalate determination in different matrix samples 
(water, soil, sediments, sludge, air and biological samples). Different sample 
treatments, extraction and preconcentration steps, such as liquid-liquid extraction 
(LLE), solid phase extraction (SPE), solid phase microextraction (SPME), stir bar 
sportive extraction (SBSE) and solid/liquid extraction (SLE) have been evaluated. 
Separation techniques such as gas chromatography (GC) or high performance 
liquid chromatography (HPLC) coupled with different detectors have be n 
compared in terms of detection limits and practical applications. 
 












Diester of phthalic acid, commonly referred to as phthalates (PAEs), are a group of 
chemical compounds widely used in industry and commerce due to their large 
variety of uses. Due to the ability to improve softness and flexibi ity to plastics, 
they are used mainly as plasticizers in a wide variety of products including medical 
devices, children’s toys and all types of packaging. Furthermore, phthalates are 
also used as industrial solvents and lubricants, as an additive in h  textile industry 
and in pesticides, and also in personal care products such as deodorants, lotions and 
perfumes, to retain colour and fragrance [1-4]. The main drawback of the use of 
PAEs is that they can migrate from the material to the enviro ment and pollute 
water, soil, air and food-products. Furthermore, certain phthalate esters and/or their 
metabolites are suspected to be human carcinogenic agents and endocrin  
disruptors, [5] which make their trace determination of special importance. In 
particular, dibutyl phthalate (DBP), butyl benzyl phthalate (BBP), and di-(2-
ethylhexyl) phthalate (DEHP) are in the list of the proposed substances suspected 
of producing endocrine alterations published by European Union (EU) [6]. 
Section 307 of US Clean Water Act establishes that dimethyl phthalates (DMP), 
diethyl phthalate (DEP), butyl benzyl phthalate, dibutyl phthalate, di-(2-ethylh xyl) 
phthalate and dioctyl phthalate (DOP) must be considered priority t xic pollutants 
[7]. These concerns have been further aggravated by recent analysis of human 
blood and urine samples, where traces of various phthalates (or their metabolites) 
have been found [8, 9]. For these reasons, the interest in the study of these types of 
chemical substances has increased during the last few years, and therefore it is 
essential to develop reliable and sensitive analytical methods to determine this 
group of compounds at trace levels. 
This review summarizes and discusses the analytical methods an  techniques 
described in the literature for phthalate determination in different matrix samples 
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(water, soil sediments, sludge, air and biological samples). Different sample 
treatments, extraction and preconcentration steps, such as liquid-liquid extraction 
(LLE), solid phase extraction (SPE), and solid phase microextraction (SPME) have 
been evaluated. Separation techniques such as gas chromatography (GC) or high 
performance liquid chromatography (HPLC) coupled with different detectors, such 
as UV detector, flame ionization detection (FID), electron capture detection (ECD) 
or mass spectrometry (MS) (all types of MS analyzes) have been compared in 
terms of detection limits and practical applications. 
The major problem in phthalate analysis is sample contamination, resulting in false 
positive results or over-estimated concentrations. Due to the fact that phthalates are 
widely used, they are present in air, water, and organic solvents and pl stics; they 
are adsorbed onto glass and other materials. Therefore, the risk of contamination is 
present in the whole analytical scheme, including sampling, sample preparation nd 
analysis by chromatography. The different cleaning methods proposed in the 
literature, for avoiding contamination from material used in the laboratory, have 
been reviewed in this work. 
 
 
2. Sample preparation 
 
In order to detect PAEs at sub ppm levels, a clean up/preconcentration step is 
necessary before instrumental analysis. Different methods have been developed 
with this purpose such as liquid-liquid extraction (LLE), liquid-phase 
microextraction (LPME), single drop microextraction (SDME), solid phase 
extraction (SPE), solid phase microextraction (SPME), stir bar sorptive extraction 






2.1. Liquid-Liquid extraction (LLE) 
Various liquid-liquid extraction (LLE) approaches have been used for isolation of 
PAEs from aqueous samples. In these methods, the extraction is carried out in a 
funnel, mixing the sample with an organic solvent, such as, hexane, 
dichloromethane, cyclohexane or ether. After the extraction, the organic phase is 
dried and concentrated to obtain higher sensitivity. 
Different LLE methods have been developed for PAEs and their metabolites 
determination in different biological matrices. Mortensen et al. [10] used a liquid 
extraction with a mixture of ethyl acetate and ciclohexane (95:5) for a quantitative 
determination of PAEs in human milk by LC-MS-MS. On the other hand, Sorensen 
[11] extracted these compounds from milk and milk products using a mixture of 
tert-butyl methyl ether and hexane using the same determination technique. 
A LLE method for DEHP in serum samples was used by Faouzi et al. [12] using a 
mixture of 2 mL acetonitrile and 2 mL sodium hydroxide (1N). The sample with 
the mixture acetonitrile:sodium hydroxide was shaken for 10 min using an 
alternating agitator and centrifuged at 3000 rpm. The clear supernatant was then 
injected into the chromatograph for the analysis. 
DEHP has been extracted by Kambia et al. [13, 14] from total parenteral nutrition 
and from plasma. In this case, the sample (1 mL) was treated wih 1M sodium 
hydroxide (1 mL) and hexane (2 mL). The mixture was vortexed (2 min), 
centrifuged (1620 x g for 5 min) and the separated organic layer (fraction 1) was 
transferred into a clean conical glass tube. The aqueous phase was extracted again 
with 2 mL of hexane and the mixture treated as above. The separated organic phase 
(fraction 2) was combined with the fraction 1 and the total organic phase was 
evaporated to dryness in a water bath at 40ºC under a nitrogen stream. The residue 
was dissolved in 100 µL of acetonitrile and 20 µL of this solution was injected in 
HPLC. These authors applied the same extraction procedure for the determination 
of DEHP in human plasma samples [15]. Recently, Ji-an Chen et al. [16] analyzed 
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di-n-buthyl phthalate and other organic pollutants in Chongquing women 
undergoing parturition. The authors analyzed these compounds in venous blood, 
umbilical cord blood, breast milk and urine. For PAEs extraction from blood and 
milk, the samples were first treated with anhydrous sodium sulfate (until 
saturation). The resulting solution was extracted with 10 mL of hexane by 
vortexing for 30 min. The top organic layer was collected and the remaining 
sample was extracted again using the same procedure. The two x racts were 
combined and the solvent was evaporated under nitrogen flow until 1 mL of 
solution remained. Each urine sample was extracted twice with 10 mL of 
hexanol/ethanol (8:1) in a separating funnel. The extracts were combined and the 
solvent evaporated as above. 
Recently, Orsi et al. [17] used a simple and rapid method for the determination of 
PAEs presents in nail cosmetics. The method is based on ultrasonic extra tion of 
the sample with ethanol-water (90:10 v/v) followed by HPLC separation and UV 
detection.  
LLE procedures have some disadvantages such as, the use of high volumes of 
solvents. In addition, the process, generally, was off-line, and time consuming. 
LLE is limited due to the presence of trace levels of phthala es in commercially 
available solvents, even solvents for trace analysis. Therefor , accurate 
determinations below 0.1 µg L-1 are questionable with this method. 
In recent years, studies have been carried out towards miniaturization of liquid-
liquid extraction procedures, reducing the amount of organic solvent. 
Liquid-phase microextraction (LPME) is a new method for sample preparation, 
whereas only a few microliters of solvents are used to preconcentrate compounds 
from aqueous samples [18]. In this technique, a microdrop of organic, water 
immiscible solvent is suspended from a microsyringe needle, which is t en 
immersed in a stirred aqueous sample solution for a specified period of time [19-




determined. This method has been termed single-drop microextraction (SDME). It 
can be performed in different modes, including: static liquid-phase microextraction 
(S-LPME), dynamic liquid-phase microextraction (D-LPME), continuous-flow 
liquid-phase microextraction (CF-LPME), solvent bar liquid-phase microextraction 
(SB-LPME) and headspace liquid-phase microextraction (HS-LPME) [24]. The 
advantages of this technique are: the simplicity, low cost, eae of operation, rapid, 
small volume of organic extractants, and minimal exposure to toxic rganic 
solvents, being environmental friendly.  
Recently, Farahani et al. [25] developed a method for phthalate determination in 
water samples using a liquid-phase microextration (LPME) prior to the analysis by 
gas chromatography. In the method proposed by these authors 10.0 mL of aqueous 
sample was transferred into an 11.0 mL vial. Then, 10.0 µL of 1-dodecanol were 
delivered to the solution surface using a microsyringe. The vial was sealed and then 
the magnetic stirrer was turned on. Under the proper stirring conditions, the 
suspended microdrop remains in the top-center position of the aqueous sample. The 
microdrop movement was affected by the flow field, which favores th  promotion 
of the mass transfer inside the microdrop [26]. After the desired extraction time, 
the sample vial was transferred into an ice beaker and the organic solvent was 
solidified after 4 min. Then, the solidified solvent was transferred into a conical 
vial and melted immediately. Finally, 1.00 µL of the extractant was injected into 
the gas chromatograph. 
In some cases, S-LPME can present certain disadvantages (depending on the 
organic solvent and the volume on the organic drop, usually no more than 5 µL) 
such as instability of microdrop, relatively low reproducibility and sensitivity. 
Thus, to avoid these problems, Jinrong Yao et al. [24] proposed a modified S-
LPME method, for phthalate determinations in landfill leachates. The most 
attractive feature of this method is the use of a polychloropropene rubber tube 
(PGR tube) instead of a microsyringe to load the organic solvent. The PGR tube 
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and the sample vial were placed horizontally, so the selection of the organic solvent 
was not affected by the density of the extractant. The authors used thi  method for 
DMP, DEP and DnBP determination in landfill leachates by liquid 
chromatography, obtaining good precision and recovery. 
A fast and simple method, using HF-SDME, has been developed by R. Batlle et a . 
[27], to facilitate the identification and quantification of seven dialkil phthalate 
esters (Diethylhexil phthalate (DEHP), dibutyl phthalate (DBP), diisobutyl 
phthalate (DiBP), dimethyl phthalate (DMP), diisopropyl phthalate (DiPP) and 
diethyl phthalate (DEP)) in three aqueous food simulants (distilled water (A), 3% 
(w/v) acetic acid/water (B) and 15% (v/v) ethanol/water (C)). In this study, better 
results have been obtained using 7:3:0.5 Dichloromethane:hexane:toluene for food 
simulants A and C, and 1:9:0.5 Dichloromethane:hexane:toluene for food simulant 
B as extractant solvent. The method has been shown to be highly practical because 
of its high reproducibility, convenient dynamic range and detection limits. 
Therefore, this methodology reduces the amount of solvent necessary for the whole 
procedure (5 µL), thus eliminating the need for additional cleaning or concentration 
steps. The same technique was used by Pisillakis et al. [28], for PAES 
determination from water, using toluene as extraction solvent. 
Recently, Pie Liang et al. [29] developed the fist method for PAEs determination 
using continuous-flow microextraction (CFME) combined with liquid 
chromatography with variable-wavelength detector (VWD). The CFME procedure 
consists of four steps: (1) the sample solution is continuously pumped and 
vertically upward at a constant flow rate into the bulb glass extraction chamber (~ 
0.2 mL) via the connecting PTFE tube; (2) after the chamber has been filled with 
the sample solution, the required volume of organic solvent (3.0 µL of 
tetrachloromethane) is introduced into the extraction chamber by the microsyringe, 
and forms a drop at the tip of the microsyringe and remains above the PTFE tube 




sample solution, the analytes are extracted into the solvent drop from the sample 
when the sample is continuously ejected from the PTFE tube into the chamber 
(flow rate 0.4 mLmin-1); (4) after extracting for a prescribed period of time, the
solvent drop is retracted into the microsyringe, and the microsyringe is removed 
from the chamber. Then, the needle tip is cleaned carefully with a tissue to remove 
possible water contamination, and the extraction solvent with the extracted analyte 
is injected into the LC system for analysis. The enrichment factors of this method 
for DMP, DEP and DnBP reached at most 27, 44 and 20 respectively. 
 
2.2. Solid phase extraction (SPE) 
SPE appears to be a more suitable technique for PAEs extraction and 
preconcentration from water or aqueous samples. The advantage of this technique, 
with respect LLE is that it requires a minimal use of solvents, thus reducing health 
risk and sample contamination, permiting the simultaneous extraction of multiple 
samples. Moreover, a large concentration factor can be obtained without solvent 
concentration, avoiding the concentration of concomitants present in the organic 
solvent. 
SPE is carried out using different sorbents. The most widely used sorbents to 
extract PAEs from water, urine sample, wine etc., are silica polymers such as 
silica-based C18 and C8 [30-41]. Other sorbents used are organic polymers such as 
polyestirene [42], crosslinked polystyrene-divinylbencene (PS-DVB) or 
hydroxilated PS-DVB [43-45], styrenedivinyl polimer (PS-2), octadesyl-coated 
styrenedivinylbenzene polymer (SDB-XD) [33] and styrene-divinylbenzene 
methacrylate copolymer [46-48]. The authors justified the use of these organic 
polymers because the loading properties of organic carbon are superior to those of 
silica-based adsorbents. Another alternative proposed by Ya-Qi Cal et al. [49] is 
the use of polytetrafluoroethylene (PTFE) as sorbent in SPE. The use of this 
compound as a sorbent is based on the the fact that PTFE shows a very strong 
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hydrophobic property and that PTFE experimental containers can readily adsorb 
neutral hydrophobic compounds in their surfaces [50, 51]. In this way, the au ors 
studied the potential of PTFE turnings as the matrix for SPE of trace phthalate 
esters from aqueous samples. By driving the aqueous sample solution to pass 
through a PTFE turnings in the column, the analytes were retained on the PTFE 
turnings packed column. The retained analytes were then eluted with acetonitrile, 
followed by the HPLC-UV analysis. The method proposed presents accept ble 
recovery results (92.1-127.5%) for the five phthalates studied (DBP, CHP, DOP, 
DNP and DDP). The use of PTFE turnings as SPE sorbent, presents cl ar 
advantages such as durability and easy of availability. 
Another SPE sorbent used by Ya-Qi Cai et al. [52] is the Multi-walled carbon 
nanotubes (MWNTs). MWNTs possess many unique electronic, mechanical d 
chemical properties, high surface area, and excellent strength, being very appealing 
for a great number of important applications [52]. The authors demonstrated for the 
first time that MWNTs can be used as effective adsorbent for SPE of four 
phthalates (DEP, di-n-propyl-phthalate, di-iso-butyl-phthalate and di-cyclohexyl-
phthalate) from aqueous samples. Moreover, the authors compared the analytical 
performance of this method with others using commercial SPE adsorbents such as 
C18, C8 and PS-DVB. The results showed that multi-walled nanotubes wer  more 
effective than, or as effective, as these adsorbents for the SPE of these four 
analytes. 
An alternative method was proposed by Yoshihiro Saito et al. [53] using a 
miniaturized solid-phase extraction coupled with HPLC-UV. In this ca e, the 
authors used a fiber-in-tube capillary for SPE. Fiber-in-tube capillary was prepared 
by packing Zylon® filaments (11.5 µm i.d. x 100 mm) into a poly(ether ether 
ketone) (PEEK) tube of 0.25 mm i.d. x 100 mm. These filaments were 




about 330. With this method the authors obtained limits of quantification for DBP 
and DEHP in wastewater lower than 0.5 ng mL-1. 
A sensitive and selective column adsorption method was proposed by Hatsumata et 
al. [54] for the off-line preconcentration and determination of PAEs (BBP, DBP, 
DCHP). The PAEs were preconcentrated on Saccharomyces cerevisiae 
immobilized on silica gel and then determined by HPLC. With the proposed 
method the preconcentration step takes about 30 min for 50 mL of aqueous sample. 
The maximum preconcentraction factor was 40 for BBP and DBP, and 80 for 
DCHP. The recovery of spiked PAEs in a river water sample was in a range 98-
101%. 
Recently, micelle-like surfactant aggregates adsorbed on solid materials (namely 
hemi-micelle or admicelle) in SPE have been studied as a good alternative for the 
preconcentration of a variety of organic pollutants. The sorbents used in SPE are 
produced by adsorbing ionic surfactants (such as sodium dodecylsulfate or 
cetyltrimethylammonium bromide) on the metal oxides (such as alumina or silica). 
The use of this technique in SPE has many advantages, such as high extraction 
efficiency, high breakthrough volume, easy elution of analytes and high flow rate 
for sample loading; furthermore, this technique requires no clean-up  steps and the 
adsorbents are easy to regenerate [55]. In this way, Tohru Saitoh et al. [56] studied 
the Aerosol-OT-ν-alumina admicelles for the concentration of hydrophobic organic 
compounds in water (including phthalates). The AOT-ν-alumina admicelles were 
successfully prepared by mixing ν-alumina and di-2-ethylhexylsodium 
sulfosuccinate (AOT) in a weakly acid aqueous solution. The larg sample loading 
capacity of the AOT- ν-alumina admicelles enables highly an efficient 
concentration of trace analytes. The authors obtained a concentration factor for 
different compounds, including DEP, DBP and DEHP, of 500 fold. 
F.J. López-Jiménez et al. [57] used sodium dodecyl sulfate (SDS)-alumin  
hemimicelles for the preconcentration of BBP, DBP and DEHP in environmental 
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water samples. The authors used cartridge columns filled with 500 mg of alumina. 
These cartridges were conditioned with 10 mL of a nitric acid solution (pH 2). 
Then, hemimicelles were formed on the alumina by passing a 25 mL 0.01 M nitric 
acid solution containing 40 mg of SDS. Recoveries of PAEs above 95% were 
obtained for all samples studied (raw and treated sewage samples) and a 
preconcentration factor of 500 can be easily achieved by SPE of 1 L sample and 
elution with 2 mL of methanol. 
Last year, Jidon Li et al. [55] analyzed five phthalates by HPLC-UV after 
preconcentration by SPE using ionic liquid mixed hemimicelles. The authors 
evaluated mixed hemimicelles prepared by adsorbing 1-Hexyl-3-
methyllimidazolium bromide ([C6 min] Br) and 1-Dodecyl-3-methyllimidazolium 
bromide ([C12 min] Br) on silica surface on the phthalate concentrations. In this 
case, ([C12 min] Br)-coated silica as adsorbents was selected for the 
preconcentration step due to the higher capacity for the analytes and the 
preconcentration factor obtained was 600 folds. 
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2.3. Solid-phase microextraction (SPME) 
Solid-phase microextraction (SPME) in sample preparation became very popular in 
the late 1990s [58]. In this extraction technique, a fused silica fiber coated with a 
thin layer of polymer phase is immersed in the aqueous sample, whi  the sample is 
stirred. After a certain amount of time (range from minutes to hours) the coated 
fiber is retracted and transferred in a holder to the GC and desorbed in a hot inlet. 
The adsorbed compounds are desorbed and injected into the chromatographic 
column for the analysis. The SPME procedure (sampling, extraction concentration 
and sample introduction in one step) significantly reduces the risk of contamination 
and simplifies the overall analytical process. Several studies employing direct 
SPME for extraction of phthalates from water have been published. These methods 
used different fibers such as polyacrilate [59, 60], carbowax [61], carbowax-
divinilbencene (CW-DVB) [62-64], polyaniline (PANI) [65], polydimethylsiloxane 
(PDMS) [64, 66] or polydimethylsiloxane-divinilbencene (PDMS-DVB) [63, 64, 
67-69]. SPME has a great number of applications in water samples, but in recent 
years other applications have appeared in complex matrices, such as, vegetable oil 
or milk samples. For example, Holadová et al. [70] used a headspace-solid-phase 
microextraction for PAEs determination in vegetable oil. The authors compared the 
results obtained using different SPME fibers (silica fibers coated with 
Polydimethylsiloxane (PDMS), poliacrylate, carboxen/polidimethylsiloxane and 
polydimethylsiloxane-divinilbencene) and different matrix modifiers (hexane, 
methanol, acetonitrile, dimethylformamide, and water). The results howed that, 
employing PDMS 100 together with methanol as the matrix modifier, headspace 
SPME phthalate determination in vegetable oil samples is possible. Some 
applications and the experimental conditions, using SPME are summarized in the 
Table 2. 
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The main drawbacks with SPME are that extraction fibers are expensive and have a 
limited life [71], sample carry-over between extractions ha been reporter for some 
analytes [72] and for limited types of SPME fibers commercially avail ble. 
A modification of the SPME technique is in-tube SPME. This is a microextraction 
and preconcentration technique using an open tubular fused-silica capill ry w th an 
inner surface coating as the SPME device. The advantage of this tec nique is that it 
can be coupled on-line with HPLC, allowing complete automation, shortening 
analysis time and improving accuracy and precision. Mitami et al. [73] developed a 
method for the determination of nine phthalates in infusion solutions in plastic 
containers using in-tube SPME-HPLC with limits of detection in the range of 1-10 
ng mL-1. In this case, the analytes were extracted from the sample directly into an 
open-tubular capillary (a Supel-Q Plot capillary column (60 cm x 0.32-mm i.d., 12 
µm) by 20 repeated draw/eject cycles of 40 µL of sample solution. The extracted 
compounds were desorbed using a mobile phase flow (acetonitrile: water). The in-
tube SPME method has shown a sensitivity 18-125 times higher than the direct 
injection method. Cháfer-Pericás et al. [74] used the same technique for DBP and 
DEHP determination in environmental samples. In this case, the TRB-5 coated 
capillary was used as an in-tube SPME device and the number of cycles to carry 
out the extraction was fixed at 7 using 50 µL of sample. The limits of detection 
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2.4. Stir bar sorptive extraction 
Stir bar sorptive extraction (SBSE) was first introduced by Baltussen et al. in 1999 
and based on the same principles of SPME [75]. The authors used 
polydimethylsiloxane (PDMS) (50-300 µL), coated in a stir bar, to preconcentrate 
different analytes. The amount of PDMS coated in the stir bar is considerably 
higher than in SPME fiber; thus, the results showed high recoveries, better 
sensitivity and higher capacity. In the first works using this echnique, once the 
extraction step was over, the stir bar was dried and the analytes thermally desorbed 
in a desorption unit, usually installed in a gas chromatograph. In tis way, Prieto et 
al. [76] used SBSE for simultaneous preconcentration of a wide vari ty of organic 
pollutants (including DMP, DEP, DBP, BBP, DEHP and DOP) from water 
samples, obtaining, good sensitivity and recovery. Tan et al. [77] used the same 
technique for trace analysis of selected endocrine disruptors (including DEP, DBP, 
BBP, DEHP) in water, biosolid and sludge samples. The method has many 
practical advantages such as small sample volume (10 mL aqueous or < 1g sludge 
sample) and simplicity of extraction. 
An alternative to SBSE with thermal desorption (TD), is liquid desorption (LD). In 
this case, the analytes are desorbed using a small amount of organic solvent. LD 
can also be combined with GC and a large volume injection (LVI) when a thermal 
unit is not available. In this way, Serôdio et al. [78] developed a method for 
endocrine disrupter chemicals determination (including BBP and octylphthalate) in 
water using SBSE-LD in combination with LVI and GC coupled to mass 
spectrometry. In this case, the extraction procedure was perform d for 60 min with 
a stirring speed of 750 rpm at room temperature (20ºC). After sampling the stir bar  
were removed with a clean tweezers dried with a lint-free tissue and placed into a 2 
mL glass vial filled with 100 µL of acetonitrile ensuring the total immersion. 
Solvent back extraction was performed using ultrasonic treatment for 15 min at a 




extract was evaporated under gently purified nitrogen and after redissolved in 80 
µL of ethyl acetate. The method described presents an excellent linear dynamic 
range for almost all endocrine disrupter chemicals from waters samples at ultra-
trace level (0.025-0.400 µgL-1). Later, the same authors studied a method for 
phthalates (DMP, DEP, DBP, BBP, DEHP, DOP) determination in drinking water, 
using the same technique [79]. The only difference is that in this case, methanol 
was used as a back extraction solvent. With the proposed method, low etections 
limits were obtained for all phthalates studied (3-40 ngL-1).  
Another application of SBSE with LD for phthalate determination was proposed by 
L. Brossa et al. [80]. The authors studied the extraction procedure for DEP, DNBP, 
DEHP BBP, DnOP determination by GC-MS. The extraction procedure was 
carried out with 10 mL of aqueous sample (containing the analytes), 20 gL-1 of 
NaCl and 10% methanol. The stir bar was immersed in the vial containing the 
aqueous sample for 30 min at 50ºC and 1200 rpm. Then, the stir bar was removed 
and dried. The analytes were desorbed by placing the stir bar in a vial containing 
0.5 mL of isooctane in the stirrer unit (1000 rpm) for 30 min at room temperature. 
The limits of detection obtained were between 0.02-5 µgL-1. 
 
2.5 Solid/liquid extraction 
The analysis of PAEs in solid samples is more complex than in liquid samples due 
to the difficulty to extract the compounds from the solid matrix. The technique 
commonly used for PAEs extraction from solid samples is the Soxhlet extraction. 
Different authors have been reported in the literature about PAEs extraction from 
solid samples using this technique [81-84]. Different solvents have been used such 
as ethyl acetate, for the PAEs extraction from packaging films [84], n-hexane or 
acetone/n-hexane from soil [85], methanol from plant matter [85], n-hexane/methyl 
ethyl or acetone/methanol from sludge [86], dichlorometane from du p [87] and 
sludges [88], acetone/hexane (1:1) from soil and biosolids [83] and 
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hexane/dichloromethane from soil [89]. The methods reported in the literature 
using this technique present a good recovery, but, the main problem from Soxhlet 
extraction is the time needed (as higher as 10 h) for total extraction. 
A modification of the Soxhlet extraction is the system used by Salayrolles et al. 
[90]. These authors used a Soxtec System HT2 (Tecator, France) for PAEs 
extraction from sludge and vegetables. This is a semi-automated apparatus working 
on the Soxhlet principle, while allowing extractions which are faster, more 
economical (better solvent recuperation) and safer (dissociation of the extraction 
and heating units). The solvent used in this case for the extraction procedure was 
hexane.  
Another alternative for the solid/liquid extraction is the ultrasonic extraction. This 
technique has been applied to PAEs extraction in different matrices such as 
suspended matter, soil and liver samples using different solvents such as acetone, 
acetone-petroleum ether (1:1 v/v), methanol and a mixture of acetonitrile 
phosphoric acid and sodium chloride [44, 91-94]. The advantage of this technique 
compared with Soxhlet extraction is the time required. In this case, the extraction 
can be performed in times less than 1 h (usually 10-15 min). However, for some 
PAEs in soils this method is less effective than Soxhlet extraction, obtaining bad 
recoveries [92].  
Microwave assisted extraction (MAE) has been applied to the extraction of PAEs 
from solid samples such as atmospheric particle matter or sediments. MAE consists 
of heating the sample with the extracting solvent inside the extraction vessel with 
microwave energy. This technique presents advantages compared with the 
traditional techniques, such as being less time consuming, using lower volume of 
organic solvent, offering automated temperature control and capability of 
processing different samples in the same time. In this way, E. Cortazar et al. [95] 
developed a method for DEHP determination in sediment samples using this 




the extraction procedure was carried out at 159 kPa for 15 min. L. Bartolomé et al. 
[96] developed a method for PAEs extraction from sediments using acetone as an 
extracting solvent using a pressure of 145 kPa during 15 min. O. Alvarez-Avilés et 
al. [97] determined DEP and BBP in atmospheric particulate matter using MAE-
SBSE-TD-GC-MS. The optimized conditions for MAE were 20 mL of acetone at 
80ºC for 10 min.  
 
 
3. Separation techniques 
 
Gas chromatography and liquid chromatography are the techniques usually used 




3.1. Gas Chromatography 
The analysis of phthalic acid esters (PAEs) is mostly performed by gas 
chromatography (GC). Generally, GC methods present better sensibility than 
HPLC methods, although this depends on the pre-treatment step, the instrumental 
conditions and the sample matrix [6]. Phthalates can be detected using electron 
capture detection (ECD) [60, 70], flame ionization detection (FID) [36, 65, 87, 98, 
99] or mass spectrometry (MS). Some official methods (US EPA methods 606 and 
8060) describe the use of ECD as a detector for phthalate determination. Although 
ECD detectors are relatively sensitive for phthalates, the specificity is restricted. 
The most recommended detector for phthalate analysis is mass spectrometry 
detection. All types of MS analyzers, including quadrupole analysers, triple 
quadrupole analyzers, ion traps and magnetic sector instruments have been used for 
phthalates determination [100-104]. 
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The chromatographic separation was usually performed using capillary columns 
coated with phenyl methylpolisiloxane or dimethylpolysiloxane as stationary 
phase. The separations were carried out using different temperature programmes, 
usually varying the oven temperature from 50ºC to 300ºC. Some applications for 
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3.2. Liquid Chromatography 
High-performance liquid chromatography (HPLC) can be used as an alter ative 
technique and is especially useful for analysis of isomeric mixtures and metabolites 
of phthalates without derivatisation [47]. Ultraviolet detection has been used for 
phthalate determination in environmental and biological samples [8, 42, 49, 52, 55, 
56, 61, 69, 93, 105, 73], but the use of  mass spectrometry has increased in recent 
years, operating with single spectrometer [35, 37, 38, 48, 57, 106-110] or using 
mass spectrometer in tandem [3, 9, 40, 41, 46, 47, 110-112] with applications in 
different matrix samples (sludge, urban wastewater, urine, milk and drugs).  
Although GC-MS offered higher sensitivity for phthalate determinatio  than LC-
MS, LC-MS approach offered some advantages compared with GC-MS, such a , 
higher selectivity, more reliable quantification of PAEs isomeric mixtures, simpler 
cleanup procedures and shorter analysis time [100].  
Separation of phthalates using liquid chromatography is usually performed in 
reverse phase using C18 or C8 columns, but some applications appear in the 
literature using other columns such as phenyl columns [10, 105, 113]. Tables4 and 
5 summarized different methods for PAEs determination in different matrices using 
HPLC as a separation technique coupled with different detectors. The separation 
conditions, including type of column, mobile phase, flow rate etc., as well as the 
detectors used and the limits of detection obtained, are also listed in the tables. 
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3.3 Capillary electrophoresis 
Capillary electrophoresis (CE) is a separation technique that provides several 
advantages such as speed, high efficiency and high sensitivity. Although, this 
technique is not usually used for PAEs determination, in recent years some authors 
have developed methods for PAEs determination in sediments and urine using this 
technique. Bao-Yuan Guo et al. [89] developed a method for DMP, DEP, DBP, 
DEHP and DOP from sediments using micellar electrokinetic chromatography 
(MEKC). The limits of detection obtained were within in a range of 0.050-0.063 
mgkg-1. The phthalates contents determined by MEKC were comparables to those 
obtained by GC-FID. In 2008, Yong-Lai Feng et al. [114] developed a method for 
MMP, MEP, MBP, MEHP and MEHHP in urine samples, using capillary zone 
electrophoresis (CZE) coupled with mass spectrometry. The limits of detection 
obtained were within a range of 0.53-1.3 ngL-1. 
 
 
4. Contamination problems 
 
The major problem in phthalate analysis is contamination, resulting in false 
positive results or over-estimated concentrations. The risk of contamination is 
present in the whole analytical scheme, including sampling, sample preparation nd 
chromatography analysis. Due to the fact that phthalates are widely used, they are 
present in the air, water, organic solvents, plastic and adsorbed onto glass or other 
materials [115]. 
A recent study carried out by Ried et al. [116] shows significant quantities of 
phthalates from various components commonly found in the environment of the
analytical laboratory. Consequently, plastic syringes, pipette tips, plastic filters and 
all type of plastic material must be avoided, and glass material must be used 
instead. Once plastic materials containing phthalates are avoided, the main sources 
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of contamination are phthalates present as vapors or part of the particle matter in 
air, contaminating all surfaces, particularly glassware, plastic objects and our skin 
[117]. 
Due to the fact that the sources of contamination can vary from one laboratory to 
another and depend on factors such as season, weather and ventilation of the 
laboratory [117], general recommendation for avoiding contamination are not 
possible. Franhauser-Noti et al. [117] studied the blank problems in trace analysis 
of DEHP and DBP by gas chromatography-mass spectrometry. These authors 
applied a test to identify the sources of system contamination in a systematic 
manner and described a list of measures to reduce phthalates contamination. The 
major improvement was obtaining by adding aluminium oxide into the solvents the 
reservoirs. Another critical factor is the quality of caps for the autosampler vials. 
These caps can also contain phthalates. As a general precaution, only one injection 
should be made from each vial. 
Different cleaning methods have been proposed to avoid the contamination 
problems due to the phthalates from the material used in the laboratory. In all of 
them glass material is rinsed with organic solvents after  rigorous washing [106, 
109, 118-121].  
C. Pérez Feás et al. [110] cleaned the glassware material prior to analysis according 
to recommendations specified in EPA method 506 in order to reduce the 
background contamination. All the material was washed with hot water and soap 
and rinsed with technical-grade acetone. Then, the glassware was sealed with 











The interest for PAEs determination in different matrix samples (water, sediments, 
sludge, and biological samples) has increased in recent years due to the toxicity of 
these compounds. 
The main problem in PAEs determination is the contamination of the sample, due 
to the presence of high levels of these compounds in the laboratory environment. A 
solution to this problem would be the use of methods in which the sample 
pretreatment is performed out in a closed system or on-line w th the detection 
technique. Both approaches minimize sample preparation. 
Different methods have been developed, using a variety of preconcentration and 
extraction techniques, such as SPE, LLE, SPME, SLE, etc. For aqueous samples 
SPE and SPME were the most commonly used techniques obtaining good 
recoveries. For solid samples, Soxhlet extraction was the most usual technique but 
new methods using ultrasound or microwave energy are nowadays more popular 
because they shorted the extraction time. 
CG and HPLC as separation techniques coupled with different detectors were the 
main techniques for PAEs determination employed in the literature. Results 
showed that methods using GC-MS or HPLC-MS-MS presented lower detction 
limits. 
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Resumen 
El objetivo en este capítulo consistió, en primer lugar, en el desarrollo de un 
método analítico adecuado para la identificación y determinación de u a mezcla de 
cuatro diésteres del ácido ftálico (DMP, DEP, BBP y DBP) utilizando como 
técnica de análisis la cromatografía líquida de alta resolución acoplada a 
espectrometría de masas (LC-MS). 
Se estudiaron las variables que afectan al proceso de separación cromatográfica 
como son la composición, el pH y el flujo de la fase móvil así como las variables 
que afectan a su determinación por espectrometría de masas. 
Tras la optimización, la separación cromatográfica de los analitos se realiza en un 
tiempo inferior a 10 minutos mediante una elución en gradiente con acetonitrilo y 
agua ultrapura, un flujo de fase móvil de 200 µLmin-1 y el espectrómetro de masas 
trabajando en modo de ionización positiva. 
A continuación se estudiaron las características analíticas del método de análisis 
desarrollado, como son la linearidad, los límites de detección (LOD) y 
cuantificación (LOQ), la precisión y la recuperación. Los resultados obtenidos 
permiten concluir que el método es rápido, preciso y exacto.  
En segundo lugar, el método propuesto se aplicó en el análisis de muestras de suero 
salino comercializadas en envases de plástico monodosis con el fin d  verificar la 
presencia de ftalatos en disolución debido a la posible migración de los mismos a 
partir del plástico y determinar su concentración. 
Existen diferentes denominaciones para el tipo de muestra que se abarca en este 
estudio: “solución salina”, “suero fisiológico”, “suero salino”, etc. Todas ellas 
hacen referencia a una solución acuosa de cloruro sódico al 0.9% cuyas
características osmóticas la hacen compatible con el suero sanguíneo. A menudo se 
emplea por vía intravenosa para reponer líquidos y como vehículo para la 




nasal y ocular de bebés, niños y adultos y para facilitar su uso se comercializa en 
envases de plástico monodosis (5 mL). 
Las muestras fueron adquiridas en lugares de venta al público, tanto en farmacias 
como en parafarmacias. Se analizaron cuatro muestras de sueros salinos de 
diferentes marcas comerciales, tres de ellas disponibles en l mercado en envases 
de plástico monodosis y una cuarta comercializada en envase de vidrio. 
El análisis se llevó a cabo mediante inyección directa de las muestras de suero en el 
cromatógrafo sin necesidad de llevar a cabo ningún tratamiento de las mismas. Se 
trata de un método sencillo y rápido que permite determinar, directam nte y sin 
extracciones previas, un grupo de ftalatos de gran interés desde el punto de vista de 
la salud pública. 
Los resultados permiten confirmar la presencia de estos compuestos n las 
muestras comercializadas en envases monodosis, en contraposición con el análisis 
de una muestra de suero comercializada en envase de vidrio. Su origen podría 
atribuirse a la migración de dichos compuestos desde el plástico al suero debido a 
la inexistencia de uniones covalentes entre los ftalatos y la matriz polimérica que 
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PHTHALATES DETERMINATION IN PHYSIOLOGICAL 
SALINE SOLUTIONS BY HPLC-ES-MS 
C. Pérez Feás, M.C. Barciela Alonso, E. Peña-Vázquez, P. Herbello Hermelo, 
P.Bermejo-Barrera*. 
Department of Analytical Chemistry, Nutrition and Bromatology. University of Santiago de 
Compostela. Santiago de Compostela, 15782. Spain. 
Abstract 
Phthalates are a group of chemical compounds with increasing interest from the 
analytical point of view. The risks for human health associated with some of these 
compounds have unleashed the necessity to develop analytical methods with great 
sensitivity that allow us to detect their presence at trace levels in order to assure 
protection for the population. 
A simple and rapid method for determining a group of phthalate esters in aqueous 
samples was developed. The method was based on high-performance liquid 
chromatography-(electrospray)-mass spectrometry (HPLC-ES-MS), working in 
positive ionization (PI) mode. A gradient elution was performed with acetonitrile-
ultrapure water starting from 5% to 75% acetonitrile in 5 minfollowed by isocratic 
elution during 5 min. Standard calibration curves were linear for all the analytes 
over the concentration range 10–500 ngmL-1. The LOD values found for DMP, 
DEP, BBP and DBP were 0.8, 3.4, 0.6 and 1.2 ngmL-1 respectively. The relative 
standard deviation ranged from 0.8 to 1.7%, which indicated good method 
precision. 
The proposed analytical method has been applied to the analysis of commercial 
physiological saline solutions in order to check the presence of phthalates and to 
determine their concentration. 
 
Keywords: Phthalates; LC-ES-MS; Physiological saline solutions. 







Diesters of phthalic acid, commonly referred to as phthalates, are a group of 
chemical compounds widely used in industry and commerce due to their large 
variety of uses. Because of their properties to improve softness and flexibility to 
the plastics they are used mainly as plasticizers to give products to consumer and 
industry versatiles, durables and accessibles such as medical devices, children’s 
toys and all kind of packaging. Furthermore, phthalates are also used as industrial 
solvents and lubricants, as additives in textile industry and pesticides and also in 
personal care products such as deodorants, lotions and perfumes, to retain the 
colour and fragrance [1-4]. 
Approximately 93% of all plasticizers are phthalates, the remaining 7% 
corresponding to esters and polyesters based on adipate, phosphoric acid, sebacic 
acid, etc [1]. The world production of these compounds is estimated at several 
million tonnes per year. Phthalates are not chemically bound in the plastics; 
therefore, they can be lost from plastic and released to the environment [5]. 
Consistent toxicological evidence indicates association between s veral of these 
phthalate esters and risks for human health and the environment. In particular, 
dibutyl phthalate (DBP), butyl benzyl phthalate (BBP), and di-(2-ethylhexyl) 
phthalate (DEHP) are in the list of the proposed substances suspected to produce 
endocrine alterations published by European Union (EU) [6]. 
Section 307 of the US Clean Water Act establishes that dimetyl phthalate (DMP), 
dietyl phthalate (DEP), butyl benzyl phthalate (BBP), dibutyl phthala e (DBP), di-
(2-ethylhexyl) phthalate (DEHP) and dioctyl phthalate (DOP) must be considered 
priority toxic pollutants [7]. These concerns have been further aggravated by recent 
analysis of human blood and urine samples, where traces of various phthalates (or 
their metabolites) have been found [8-9]. For these reasons, the interest in the study 
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of this type of chemical substances has increased during the last few years, and 
therefore it is essential to develop a reliable and sensibl  analytical method that 
allows us to determine and quantify this group of compounds at trace levels.
Several methods have been developed for their determination in different matrices, 
including water (drinking water, surface water, wastewater), soil, sediment, sludge, 
dust, air and biota (vegetation, milk, fish, etc) [2, 10-12]. 
The analysis of phthalic acid esters are mostly performed by gas chromatography 
(GC) [13-17]. Generally GC methods present better sensibility than HPLC 
methods, although depend on the pre-treatment step, the instrumental conditions 
and the sample matrix [6]. High-pressure liquid chromatography (HPLC) can be 
used as an alternative technique and is especially useful for analysis of isomeric 
mixtures and metabolites of phthalates without derivatisation [18]. 
Phthalates can be detected using UV detection [8, 19-21], flame ionisati  
detection (FID) [22-23], electron capture detection (ECD) [24] or mass 
spectrometry (MS) [10, 11, 25, 26]. Some official methods (US EPA methods 606 
and 8060) describe the use of ECD for the phthalate determination. Although ECD 
detectors are relative sensitive for phthalates, the specificity s restricted. The most 
important detector for phthalate analysis is mass spectrome ic detection. All types 
of MS analysers, including quadrupole analysers, triple quadrupole analysers, ion 
traps and magnetic sector instruments have been used for phthalates determination 
[27]. 
The major problem in phthalate analysis is the contamination, resulting in false 
positive results or over-estimated concentrations. The risk of contamination is 
present in the whole analytical scheme, including sampling, sample preparation nd 
chromatographic analysis. Due to the fact that phthalates are widely used, they are 
present in air, water, and organic solvents and plastic and adsorbe n glass or 




A recent study carried out by A.M. Reid et al. [28] shows significant quantities of 
phthalates from various components commonly found in the environmental of 
analytical laboratory. Consequently, plastic syringes, pipette tips, plastic filters and 
all type of plastic material must be avoided, and glass material must be used 
instead. Once plastic materials containing phthalates are avoided, the main source 
of contamination are phthalates present as vapours or part of the particulate matter 
in air, contaminating all surfaces, particularly glassware, plastic objects and our 
skin [29]. 
As a result of the contribution of all these sources of contamination, the 
experiments to reduce its produce confusing results because, the sources of 
contamination vary from one laboratory to another and depend on factors such as 
season, weather and ventilation of the laboratory [29]. 
Different cleaning methods have been proposed to avoid the contamination 
problems due to the phthalates from the material used in the laboratory. In all of 
them glass material is rinsed with organic solvents after  rigorous washing [11, 
30-35]. 
The aim of this work is to develop a method for phthalates determination presents 





2.1. Reagents and Standards 
All reagents used were of analytical reagent-grade. Dimethyl phthalate (DMP) and 
butyl benzyl phthalate (BBP) were obtained from Supelco (Bellefont, PA, USA). 
Diethyl phthalate (DEP) and dibutyl phthtalate (DBP) were obtained from Riedel-
de Haën (Seelze, Germany). The purity of these reagents was over 98%. 
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Lichrosolv gradient grade acetonitrile and methanol were purchased from Merck 
(Darmstadt, Germany). Technical grade acetone and acetic acid gl al (HPLC) for 
instrumental analysis were purchased from Panreac (Barcelona, Spain). Ultra-pure 
(resi-analized) water for environmental inorganic and organic trace analysis was 
supplied by J.T. Baker (Phillipsburg, NJ, USA). 
Individual standard solutions of each phthalate ester at a concentratio  of 1000 
mgL-1 were prepared in methanol, preserved of light and stored at 4°C in a Teflon-
capped glass vial. From these solutions, a working mixture in methanol was 
prepared weekly containing all standards of concentration 100 mgL-1 each. All the 
working solutions were prepared daily by diluting this solution. 
Special care was taken to avoid the contact of reagents and solvent  with plastic 
materials. In order to reduce background contamination, all glassware was cleaned 
prior to the analysis according to the recommendations specified in EPA method 
506. All material was washed with hot water and soap, rinsed with tap and 
ultrapure water and finally thorough rinsed with technical-grade acetone. Then, 
glassware was sealed with aluminium foil and stored in a clen environment to 
avoid adsorption of phthalates from the air. 
 
2.2. Instrumentation 
Phthalates separation and quantification was carried out using liquid 
chromatography/electrospray ionization-mass spectrometry system. 
The HPLC system used was an 1100 Series equipped with an automatic injector 
(Agilent Technologies, Waldbronn, Germany) that is coupled to an API 150 EX 
single quadrupole mass spectrometer equipped with a Turboionspray interface (PE 
Biosystems, Concord, Canada). 
The analytical column was a ZORBAX Eclipse XDB-C8 of 50 mm length and 2.1 





2.3. Chromatographic and Mass Spectrometry Conditions 
The binary mobile phase consisted of ultra-pure water and acetonitrile, both 
solvents containing 0.1% (v/v) acetic acid. The elution gradient started with 95% of 
ultra-pure water, which was reduced linearly to 25% in 5 min. Then, this 
composition was maintained for 5 min before returning to the initial conditions. 
The column was equilibrated for 10 min. 
The flow rate and the injection volume were 200 µLmin-1 and 10 µL, respectively 
and the chromatographic separation was carried out at room temperature. Under 
these conditions the separation time was less than 10 min. 
Electrospray ionization was performed in positive ion mode. The operational 
parameters were the same for all of analytes with an ionspray voltage of 5500 V; 
nitrogen was used as nebulizer and curtain gas at a pressure of 14 psi in both cases; 
air current at 450ºC and 7000 cc min-1 was used as turbo heater gas. 
The compound parameters such as declustering potential (DP), focusing pote tial 
(FP) and enhance potential (EP) were optimized for each analyte. The optimal 
conditions are shown in the Table 1. 
 
 
Table 1- Optimal values of the compound parameters for the four phthalates studied. 
Compound Acronym m/z Potentials 
   DP FP EP 
Dimethyl phthalate DMP 163.25 40.38 73.87 8 
Butyl benzyl phthalate BBP 91.15 25 225 6 
Diethyl phthalate                 
Dibutyl phthtalate 
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2.4. Sample preparation 
Samples were injected directly in the chromatograph, it wasn´t necessary any 
sample preparation process. 
 
 
3. Results and Discussion 
 
3.1. ES-MS Optimization  
Four phthalate esters (DMP, DEP, BBP and DBP) were selected for this study. 
To evaluate the mass spectral fragmentation pattern of each compound and to 
optimize the set of parameters used, a standard solution (100 mgL-1) of each 
compound was analyzed by direct injection in the spectrometer. For these 
experiments, a KD Scientific, model 100, syringe pump (New Hope, MN, USA) at 
15 µLmin-1, was used. 
Full-scan data acquisition was performed from 80 to 400 m/z, with the target mass 
fixed to the following m/z values: 91.15 for BBP, 149.05 for DEP and DBP and 
163.25 for DMP. The spectral data provided ions in accordance with previous 
studies reported in literature [2, 15, 16, 36, 37]. The selected ions were chos n to 
attain the best response in the SIM mode acquisition. Characteristi s a  molecular 
weight, identification ions and retention time corresponding to these compounds 











Table 2- Molecular weight, selected ions and retention time to the analysis of the target 
phthalates. 
Phthalate Molecular weight SIM ion Identification ions RT 
(min) 
Dimethyl phthalate 194 163 149, 163, 181 6.90 
Diethyl phthalate 222.24 149 149, 177, 195 7.59 
Butyl benzyl phthalate 312.40 91 91, 149, 205, 223, 47 9.18 
Dibutyl phthtalate 278.35 149 149, 205, 223 9.44 
 
 
3.2. Optimization of HPLC separation 
After optimizing the detection conditions, the following experiments were 
conducted to optimize the chromatographic separation of the analytes.  
Experiments were carried out using different mobile phases reported in the 
literature (methanol:water [38], acetonitrile:water [20], acetonitrile 
(1%methanol):water [21]), working in isocratic mode. The best r olution was 
obtained using acetonitrile: water as a mobile phase. These results agree with the 
experiments developed by F.J. López-Jiménez et al. [10]. In order to imprve the 
resolution and to decrease the time of analysis, different experiments were carried 
out working in gradient mode. The best results were obtained started with 95% of 
ultrapure water and decreasing this percentage to 25% in 5 min. Then, this 
composition was maintained for 5 min before returning to the initial conditions. 
Finally, the column was equilibrated during 10 min before each inject on. Other 
parameters optimized were the percentage of acetic acid and the flow rate of the 
mobile phase. The optimal conditions were 0.1% (v/v) acetic acid and a flow rate of 
200 µLmin-1. 
The chromatogram obtained for a mixed of these compounds under the optimized 
conditions is shown in the Figure 1. 
 


























































Fig.1- LC/MS extracted ion chromatogram obtained from a standards solution (100ngmL-1) 
in a physiological saline sample purchased in a glass bottle to the following m/z values: (a)




3.3. Analytical performance 
To evaluate the linearity of the method, a direct calibration curve was realized. Ten 
µL of standard solutions in ultra-pure water with concentrations ranging from 10 to 
500 ngmL-1 were injected by triplicate. Detector signals, measured in arbitrary 
units (peak areas), were plotted versus the amount of analyte injected, expressed in 
ngmL-1 and background levels were subtracted from de results. The equations 
obtained for each compound were as follows: 
 
DMP:   QA= 46399 C + 377217   r = 0.9964 
DEP:  QA= 1784 C + 16643   r = 0.9987 
BBP:  QA= 18218 C + 153056   r = 0.9978 
DBP:  QA= 5166 C + 66474   r = 0.9963 
 
where QA is the peak area and C is the concentration in ngmL-1. 
 
Standard addition method was applied over the same range of concentrations using 
a commercial physiological saline solution purchased in a glass bottle. The 
equations obtained for each compound were as follows: 
 
DMP:   QA =12334 C + 12308   r = 0.9998 
DEP:  QA = 114 C + 1686   r = 0.9979 
BBP:  QA = 5319 C - 20441   r = 0.9988 
DBP:  QA = 639 C - 8128   r = 0.9985 
 
To compare slopes of the calibration and addition graphs for the four compounds, 
the test-t (95% significance levels) [39] was applied and differences were observed 
for all compounds. This means that the sample matrix had influence in the 
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sensitivity of the method, so, standard addition graphs had been used to analyze 
these samples. 
 
The limit of detection (LOD) and limit of quantification (LOQ) for the method 
were calculated according with the equations: 
 
m
SDLOD 3=    
m
SDLOQ 10=  
 
where SD is the standard deviation of 11 measurements of a blank and m is the 
slope of the addition calibration graph. 
The commercial physiological saline solution purchased in a glass bottle was used 
as a blank. The results obtained for LODs and LOQs are shown in the Table 3. 
 
 
Table 3- Linear range, correlation coefficients, LODs and LOQs values obtained from the 
standard addition method in physiological saline soluti ns. 
Phthalate Linear range      (ngmL-1) 
Correlation 
coefficient ( r ) 
LODs        
(ngmL-1) 
LOQs        
(ngmL-1) 
DMP 10-500 0.9998 0.99 3.29 
DEP 10-500 0.9979 22.13 73.78 
BBP 10-500 0.9988 5.32 17.73 
DBP 10-500 0.9985 24.07 80.23 
 
 
As can be seen in the Table 3, LODs are between 0.99 and 24.07 ngmL-1 for all 




To check the precision an interday assay was developed. A physiological saline 
solution sample purchased in a glass bottle and spiked with three concentration 
levels (50, 100 and 300 ngmL-1) were analyzed during different days (six 
determinations per concentration each day) for all compounds studied. Th  results 
obtained are shown in the Table 4. The RSD values were between 1.9 to 10.9% so, 
the method is precise for all studied compounds. 
 
 
Table 4- Relative standard deviation (%) obtained for three concentration levels (based on 
six determinations) in interday assay. 
RSD (%) Phthalate 
50 ngmL-1 100 ngmL-1 300 ngmL-1 
DMP 10.9 3.5 3.6 
DEP 8.0 4.5 4.1 
BBP 5.6 6.2 2.2 
DBP 5.1 7.5 1.9 
 
 
The recovery of the method was evaluated by injection of the physiological saline 
solution purchased in a glass bottle spiked with three different co centrations of 
these compounds. The solutions were injected by triplicate and the recovery 
calculated using the standard addition graph. The results obtained re shown in 
Table 5. The average recoveries were 101.5%, 94.7%, 108.3% and 101.4% for 
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Table 5- Recovery percentage for physiological saline soluti ns ± standard deviation. 
% Recovery Phthalate 
50 ngmL-1 100 ngmL-1 300 ngmL-1 
DMP 103.7 ± 1.4 105.4 ± 1.0 95.0 ± 1.2 
DEP 89.7 ± 3.3 99.5 ± 3.5 95.1 ± 3.1 
BBP 111.3 ± 9.5 104.2 ± 2.0 109.5 ± 1.5 
DBP 105.8 ± 2.7 89.8 ± 2.1 108.7 ± 3.5 
 
 
3.4. Application to physiological saline solutions 
The proposed analytical method has been applied to the analysis of four 
commercial physiological saline solutions in order to check the presence of these 
phthalates and to determine their concentration. Samples were injected directly in 
the chromatograph, it wasn´t necessary any sample preparation process. 
The original recipients containing three of these physiological saline solutions were 
made from plastic material. The other one was in a glass bottle. The phthalate 
esters are used in the manufacture of the plastic recipients, so he influence of the 
material on the concentration of the phthalates has been evaluated. 
Physiological saline solutions were analyzed in order to verify the presence of 
different peaks at the same retention time as the compounds studied. Some peaks 
appeared at the retention times corresponding to DMP, DEP, BBP and DBP. The 
spectra of these peaks confirmed that they correspond to these four phthalates. 







Table 6- Concentrations (ngmL-1) ± standard deviation (based on three replicates) found in 
different physiological saline solutions. 
Physiological saline 
solutions DMP DEP BBP DBP 
brand A 5 ± 1 335 ± 5 < LOD 50 ± 2 
brand B < LOD < LOD < LOD < LOD 
brand C < LOD < LOD 5 ± 1 < LOD 
brand D 153 ± 2 < LOD < LOD < LOD 
< LOD: lower than the detection limit. 
 
 
The levels of these compounds in the brand B, was less than the LODs of the 
method. The absence of these compounds in this sample can be attributed to that 
this sample is distributed in a glass bottle. Figure 2 shows the LC/MS ion 












































































Fig.2- LC/MS extracted ion chromatogram obtained from brand A physiological saline 
solution. to the following m/z values: (a) 163.25 for DMP, (b) 149.05 for DEP and DBP, 






A method for the determination of different phthalates by HPLC-ES-MS was 
developed. The method is rapid (the separation and determination was realized in 
less than 10 min), precise and accurate. 
Four commercial physiological saline solutions from different brands were 
analyzed using the proposed method. The results shown, that these compounds are 
present only in the samples distributed in plastic bottles. In physiological saline 
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El objetivo de este capítulo es hacer uso de la mayor sensibilidad y especificidad 
que ofrece la espectrometría de masas en tándem para adquirir un mayor 
conocimiento de los ftalatos presentes en las muestras de solución salina 
comercializadas en envases de plástico monodosis. 
Los ensayos se desarrollaron en los Servicios Generales de la USC con la 
colaboración del personal de la Unidad de Masas. Se utilizó un cromatógrafo de 
líquidos acoplado a un espectrómetro de masas con triple cuadrupolo, es decir, dos 
analizadores cuadrupolo en tándem y entre ellos la célula de colisión. El modo de 
trabajo elegido fue, como en el caso anterior, el electrospray en modo positivo 
(ESI+) y los analizadores operando en modo Multiple Reaction Monitoring 
(MRM), lo que hizo posible detectar niveles muy bajos de los analitos. 
Para establecer las condiciones de trabajo del MS/MS se inyectó directamente en el 
detector una solución estándar de cada uno de los ftalatos de estu io (DMP, DEP, 
BBP y DBP). 
La separación cromatográfica de la mezcla de analitos se llevó a cabo 
reproduciendo las mismas condiciones que las seleccionadas en el capítulo anterior 
y además en este caso se seleccionaron 40ºC como temperatura óptima del horno 
que contiene la columna cromatográfica. 
El siguiente paso fue el estudio de las características analíticas del método, entre 
las que se encuentran los límites de detección y cuantificación. En las tablas se 
puede observar que los LOD y LOQ obtenidos son mucho más bajos que los 





Tras comprobar la validez del método, en cuanto a linearidad, precisión y 
exactitud, éste se aplicó al análisis de las muestras de suero salino comercializadas 
en envases de plástico monodosis. 
Los resultados ponen de manifiesto la presencia de DMP en las cuatro muestras 
analizadas, en 3 muestras se detectaron además niveles de DEP por debaj  de los 
15 µgL-1 y el DBP fue detectado únicamente en una de las muestras. El LOD 
obtenido para el DBP fue 0.05 µgL-1 y esta concentración no fue superada en 
ninguna de las muestras analizadas. 
La principal ventaja del método es que permite detectar los analitos a muy bajas 
concentraciones sin ningún tratamiento previo de la muestra, disminuyendo además 
el riesgo de contaminación de la misma durante su procesado, que es uno de los 
principales problemas en el análisis de ftalatos. 
Al igual que en el capítulo anterior, se asoció la presencia de los ftalatos con la 
liberación de los mismos desde el material de acondicionamiento, se rata, por lo 
tanto, de una fuente de contaminantes tóxicos que es necesario evita para proteger 
la salud de la población. Este trabajo es una aportación más para resaltar la 
importancia que tienen los materiales de acondicionamiento, tant de productos 
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DIRECT LC-ES-MS/MS DETERMINATION OF PHTHALATES 
IN PHYSIOLOGICAL SALINE SOLUTIONS  
C. Pérez Feás, M.C. Barciela-Alonso, P. Bermejo-Barrera 
Department of Analytical Chemistry, Nutrition and Bromatology. University of Santiago de 
Compostela. Santiago de Compostela 15782, Spain. 
 
Abstract 
A method for determining a group of phthalic esters (PAEs) in physiological saline 
solutions has been developed. The PAEs studied were dimethyl phthalate, diethyl 
phthalate, butyl benzyl phthalate and dibutyl phthalate. These groups of phthalates 
were determined by liquid chromatography-electrospray ionization-tandem mass 
spectrometry, working in positive ion mode. The compounds were separated by 
liquid chromatography working in gradient mode with acetonitrile-ultrapure water 
as a mobile phase. The separation was performed starting with 5% of acetonitrile 
and increasing to 75% in 5 min, followed by isocratic elution for 8 min. The 
method was precise (with relative standard deviation (RSD) from 1.0 to 6.8%) and 
sensitive, with LODs of 0.05, 0.38, 0.05, 0.82 µgL-1 for DMP, DEP, BBP and DBP 
respectively. The proposed analytical method has been applied to determin  these 
compounds in different physiological saline solutions commercialized n plastic 
bottles. 
 
Keywords: Phthalates, LC-ES-MS/MS, Physiological saline soluti ns. 
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Phthalates (PAEs) are a group of chemical compounds widely used in industry and 
commerce. Due to the ability to improve the softness and flexibility of plastics, 
they are widely used as polymer additives in plastics. These compounds are present 
in a wide variety of consumer products including children toys, cosmetics, personal 
care products, packaging, etc. [1-3]. Phthalates are not chemically bound to plastic; 
thus, they can be easily released from the plastic packaging to the contents and the 
environment [4]. 
The interest in the study of these types of chemical substances has increased in 
recent years because some of these compounds, such as dibutyl phthalate (DBP), 
butyl benzyl phthalate (BBP) and diethyl hexyl phthalate (DEHP), are suspected to 
be endocrine disruptors and carcinogenic to humans [5, 6]. Therefore, it is ssential 
to develop reliable and sensitive methods for determining this group of compounds 
at trace levels. 
Several methods have been developed for PAEs determination in different matrices 
such as, biological samples, pharmaceutical drugs and environmental samples. The 
analysis of PAEs is mostly performed by gas chromatography (GC). enerally, GC 
methods present better sensitivity than HPLC methods, although these depend on 
the pre-treatment step, the instrumental conditions and the sample matrix [7]. 
Phthalates can be detected using electron capture detection (ECD) [8, 9], flame 
ionization detection (FID) [10-12] and mass spectrometry (MS) [13-15]. HPLC can 
be used as an alternative technique and is especially useful for analysis of isomeric 
mixtures and phthalates metabolites without derivatization [16]. HPLC can be used 
in combination with different detectors such as UV [17-19], mass spectrometry 
[20-24] and using tandem mass spectrometry [16, 25-28]. 
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In some cases, due to the low levels of these compounds in the samples, a clean up/ 
preconcentration step is necessary before the instrumental analysis. These sample 
pre-treatments include liquid-liquid extractions (LLE) [24, 29, 30], liquid-phase 
microextraction (LPME) [31], single drop microextraction (SDME) [32], solid 
phase extraction (SPE) [25, 33], solid phase microextraction (SPME) [34, 35], stir 
bar sorptive extraction (SBSE) [36, 37] and solid-liquid extraction (SLE) [38]. The 
major problem in phthalate determination is the sample contamination during the 
sample pre-treatment. Due to the fact that these compounds are widely used, they 
are present in the environment and can be adsorbed onto the glass and other 
material. This problem can be diminished by using different methods proposed in 
the literature to prevent phthalate contamination problems [20, 21, 27] and by 
reducing the number of steps necessary to prepare the sample. 
The aim of this work was to develop a high sensitive method for phthalates 
determination in physiological saline solution samples by LC-ES-MS/MS without 





2.1. Reagents and standards 
All reagents used were of analytical reagent-grade. Dimethyl phthalate (DMP) and 
butyl benzyl phthalate (BBP) were obtained from Supelco (Bellefont, PA, USA). 
Diethyl phthalate (DEP) and dibutyl phthalate (DBP) were obtained from Riedel-de 
Haën (Seelze, Germany). The purity of these reagents was over 98%. 
Stock standard solutions of each phthalate ester at a concentration of 1000 mgL-1 
were prepared in methanol, kept in darkness and stored at 4ºC in a Teflon-capped 
glass vial. From these solutions, a working standard solution in methanol was 




Diluted working standard solutions were prepared daily by diluting the working 
solution. 
Lichrosolv gradient grade acetonitrile and methanol were purchased from Merck 
(Darmstadt, Germany). Technical-grade acetone and glacial acetic id (HPLC) for 
instrumental analysis were purchased from Panreac (Barcelona, Spain). Ultrapure 
(resi-analysed) water for environmental inorganic and organic trace analysis was 
supplied by J.T. Baker (Phillipsburg, NJ, USA). 
Special care was taken to avoid the contact of reagents and solvent  with plastic 
materials. Because of the ubiquity of plasticizers and the tendency of residues to 
persist, all glassware was cleaned prior to the analysis according to the 
recommendations specified in U.S. EPA Method 506 [39]. All material was
washed with hot water and soap, rinsed with tap and ultrapure water and finally 
thoroughly rinsed with technical-grade acetone. Glassware was then sealed with 
aluminium foil and stored in a clean environment to avoid adsorption of phthalates 
from the air. 
 
2.2. Instrumentation 
Phthalates separation and quantification was performed using liquid 
chromatography/electrospray ionization-tandem mass spectrometry system. 
A Series 1100 liquid chromatograph from Agilent Technologies (Waldbronn, 
Germany) was coupled to an API 4000TM Triple Quadrupole Mass spectrometer 
(Applied Biosystems, Concord, Canada) equipped with a Turbo IonsprayTM 
ionization source. Mass Spectrometry data were processed with Analyst 1.4.2 
software. 
A ZORBAX Eclipse XDB-C8 column (2.1 mm x 50 mm, 3.5 µm particle size) 
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2.3.  Chromatographic conditions 
Ultrapure water and acetonitrile (both solvents containing 0.1% (v/v) acetic acid) 
were used as a binary mobile phase. Phthalates were separated by LC working in 
gradient mode with acetonitrile-ultrapure water as a mobile phase. The separation 
was performed starting with 5% of acetonitrile and increasing to 75% in 5 min, 
followed by isocratic elution for 8 min. 
The flow rate and the injection volume were 200 µLmin-1 a d 10 µL respectively, 
and the chromatographic separation was performed at 40ºC. Under these conditions 























Table 1- Operational conditions for LC-MS/MS 
HPLC (Agilent 1100)  
Column Zorbax Eclipse XDB-C8 (3.5µm 2.1mm x 50mm) 
Mobile phase Ultrapure water : Acetonitrile (0.1% (v/v) acetic acid) 
Mode Gradient 
Flow rate 200 µLmin-1 
Oven temperature 40ºC 
Injection volume 10 µL 
MS/MS (API 4000)  
Ion Spray Voltage 5500 V 
Ionization mode ESI-positive 
Curtain gas 25 psi (nitrogren) 
GS1 (nebulizer gas)  50 psi 
GS2 (auxiliary gas) 60 psi 
Ion source temperature 450ºC 





2.4. Sample preparation 
The samples were injected directly into the chromatograph, witout any previous 
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3. Results and discussion 
 
3.1. ES-MS/MS conditions 
The ES-MS/MS conditions for DMP, DEP, BBP and DBP determinatio  by ES-
MS/MS were studied. The ion source dependent (turbo ion spray) conditions were 
the same for all the analytes with an electrospray needle voltage of 5500 V in the 
positive ion mode. Nitrogen as a nebulizer and turbo heater gas (at 450ºC) was set 
as a pressure of 50 and 60 psi respectively. The pressure of the curtain gas was also 
optimized selecting 25 psi as the optima pressure. Ion source collision-activated 
dissociation (CAD) was studied during the development of the method, selecting 4 
V as the optimum condition. 
To establish the MS/MS operating conditions used to determin  these phthalates by 
ES-MS/MS, a standard solution (100 mgL-1) of each phthalate were used. These 
solutions were infused directly into the MS/MS system using the syringe pump 
system of the API 4000. The phthalates studied were monitored at m/z 195, 223, 
313 and 279, working in the scan mode, which were assigned to [M+H]+. 
Moreover, in the product ion MS/MS measurement, the selective reaction 
monitoring ions (SRM) of DMP, DEP, BBP and DBP were set depending on their 
precursor ions. The combinations of precursor ion and product, as well the 










Table 2- Optimal values of the compound parameters for the four phthalates studied, m/z 
transition selected and retention time. (DP: declustering potencial; EP: enhance potential; 
CE: collision energy; CXP: collision cell exit potential). 
Compound Acronym 
m/z 
transition Potentials optimization tR (min) 
   DP EP CE CXP  
Dimethyl phthalate DMP 195→163 31 10 13 14 8.4 
Diethyl phthalate DEP 223→149 36 10 23 12 9.2 
Butyl benzyl phthalate BBP 313→91 41 10 23 6 11 
Dibutyl phthtalate DBP 279→205 50 9 11 10 11.2 
 
 
3.2 Optimization of LC separation 
After optimizing the detection conditions, the following experiments were 
conducted to optimize the chromatographic separation of the analytes. 
Experiments were performed using acetonitrile:water, both solvents containing 
0.1% (v/v) acetic acid as a mobile phase. This mobile phase was selected bas d on 
a previous work developed in our research group for phthalates determination in 
physiological saline solutions by LC-ES-MS [20]. Experiments were developed 
using a physiological saline solution spiked with 25 µgL-1 of DMP, DEP and BBP, 
and 100 µgL-1 of DBP. The best results were obtained starting the elution with 5% 
of acetonitrile, which was then increased linearly to 75% in 5 min. This 
composition was maintained for 8 min before returning to initial conditions. The 
column was equilibrated for 10 min. 
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Other parameters optimized were the temperature of the chromatographic column 
and the flow rate of the mobile phase. The optimum conditions selected were a 
temperature of 40ºC and a flow rate of 200 µLmin-1. 
The chromatogram obtained for the physiological saline solution, spiked with 25 
µgL-1 of DMP, DEP and BBP, and 100 µgL-1 of DBP, under the optimized 
























Figure 1- LC-MS/MS ion chromatogram obtained from a physiological saline solution 
spiked with 25 µgL-1 of DMP, DEP and BBP, and 100 µgL-1 of DBP 
 
 
3.3 Analytical performances 
After selection of the optimum conditions for LC-ES-MS/MS, the method was 




The linearity of the response of this method was evaluated using a standard 
addition method. This addition was performed at seven different concentrations of 
the standard solution of these phthalates, using a commercial physiological saline 
solution supplied in a glass bottle. Linear regression was performed by plotting the 
peak area versus concentration, and was linear over the range of 0-50 µgL-1 for 
DMP, DEP and BBP, and of 0-150 µgL-1 for DBP. The equations obtained for each 
compound were as follows: 
 
DMP:  QA = 273725 C + 265276  r = 0.9996 
DEP:  QA = 325956 C + 208430  r = 0.9978 
BBP:  QA = 255127 C + 185647  r = 0.9986 
DBP:  QA = 129571 C + 263706  r = 0.9956 
 
Where QA is the peak area and C is the concentration in µgL-1. 
The limit of detection (LOD) and limit of quantification (LOQ) were calculated 
based on the IUPAC definition:  
 
m
SDLOD 3=    
m
SDLOQ 10=  
 
Where SD is the standard deviation of ten blank solutions and m is the slope of the 
addition graph. A commercial physiological saline solution supplied in a glass 
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Table 3- Linear range, correlation coefficients, LODs and LOQs values obtained from the 
standard addition method in physiological saline soluti ns 








DMP 0.5 - 50 0.9996 0.05 0.16 
DEP 1 - 50 0.9978 0.38 1.27 
BBP 1 - 50 0.9986 0.05 0.16 
DBP 1 - 150 0.9956 0.82 2.74 
 
 
The LODs obtained are between 0.05 and 0.82 µgL-1. The highest LOD obtained 
was for DBP. These LODs are lower than those obtained in a previous study to 
determine these compounds in the same type of samples by LC-MS [20]. 
Moreover, the method presents better or comparable sensitivity than other methods 
proposed in the literature for the determination of these phthalates using GC-MS in 
water samples. Serodio and Nogueira [2] developed a method for phthalates 
determination using stir bar sorptive extraction with liquid desorption followed by 
large volume injection and GC-MS obtaining LODs from 0.15 to 0.60 µgL-1. 
Peñalver et al. [40] obtained LODs from 15 to 50 µgL-1 for these phthalates using 
GC-MS, and obtained LODs from 0.007 to 0.17 µgL-1 using SPME previous to the 
determination by GC-MS. Koch et al. [1] obtained LODs from 0.25 to 1.0 µgL-1 for 
the determination of these phthalates in urine samples by LC-ESI-MS/MS. 
The advantage of the proposed method is that present a good sensitivity when 
analyzing the sample directly, without any requiring preparation steps (e.g. 
preconcentration step). 
Assays were developed to check intra- and interday precision. For the intraday 
study, aliquots of a physiological saline solution purchased in a glass bottle were 




times in the same run. The interday assay was performed in the same way 
analyzing 12 aliquots of spiked samples in two different days. The results obtained 
for the intra- and interday assays are shown in Table 4. 
 
 
Table 4- Results of intra- and interday assays to validate proposed LC-MS/MS method. 
Phthalate Intraday (n=6) Interday (n=12) 
 










29.86 0.36 1.20 29.88 0.29 0.97 
DMP 
49.10 2.02 4.12 50.23 1.94 3.86 
24.88 0.31 1.25 26.52 1.81 6.84 
DEP 
46.24 1.04 2.25 46.95 1.33 2.84 
24.28 0.46 1.89 24.44 0.61 2.51 
BBP 
48.04 2.41 5.01 49.51 2.28 4.61 
92.06 2.01 2.19 97.88 6.55 6.70 
DBP 
148.91 6.91 4.64 146.74 5.40 3.68 
 
 
The RSD values were between 1.2 and 5.0% in the intraday assay and between 1.0 
and 6.8% in the interday assay; thus, the method is precise for all the compounds 
studied. 
The analytical recovery of the method was calculated using a blank sample 
(physiological saline solution commercialized in a glass bottle) spiked with three 
different concentrations of these compounds (5, 25 and 50 µgL-1 for DMP, DEP 
and BBP and 40, 100 and 150 µgL-1 for DBP). The spiked samples were prepared 
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twice and analysed three times, and the recovery calculated using the standard 
addition graph. The recovery percentages obtained are shown in Table 5. The 
average analytical recoveries were 106.7, 92.6, 102.9 and 96.4% for DMP, DEP, 
BBP and DBP, respectively. 
 
 
Table 5- Recovery percentage for physiological saline soluti ns ± standard deviation to 
validate proposed LC-MS/MS method. (n=3) 
% Recovery 
Phthalate 5 µgL-1 25 µgL-1 50 µgL-1 
DMP 100.3 ± 2.5 118.3 ± 0.8 101.4 ± 3.2 
DEP 81.4 ± 1.6 101.4 ± 0.5 94.9 ± 0.6 
BBP 111.5 ± 2.8 98.7 ± 0.8 98.6 ± 2.7 
 % Recovery 
Phthalate 40 µgL-1 100 µgL-1 150 µgL-1 
DBP 92.2 ± 2.2 93.6 ± 1.2 103.4 ± 1.6 
 
 
3.4 Application to physiological saline solution samples 
The proposed analytical method has been applied to the analysis of different 
physiological saline solution samples, commercialised in plastic bottles, in order to 
check the presence of these phthalates and determine their concentration. Samples 
were directly injected into the chromatographic system; and no sample preparation 
process was necessary. 





Table 6- Concentration (µgL-1) ± standard deviation (based on three replicates) found in 
different physiological saline solutions. < LOD: lower than the detection limit. 
Physiological saline 
solution 
DMP DEP BBP DBP 
brand 01 17.4 ± 0.6 14.5 ± 0.4 < LOD 7.7 ± 0.6 
brand 02 0.4 ± 0.1 < LOD < LOD < LOD 
brand 03 19.2 ± 1.5 3.9 ± 0.2 < LOD < LOD 
brand 04 346.8 ± 0.8 2.7 ± 0.1 < LOD < LOD 
 
 
The concentration levels obtained for BBP are lower than the LOD for all samples 
studied, and DBP was only detected in brand 1. The concentration levels varied 
from 0.4 to 346 µgL-1 for DMP and from 0.4 to 14.5 µgL-1 for DEP. The brand 2 
sample presented the lowest concentration of phthalates, being DMP the only 
phthalate detected. Phthalate esters are used in the manufacture of plastic 
containers; thus, the presence of phthalates in the samples can be attributed to the 
release of these compounds from the plastic containers. As an example, the 




































A rapid (less than 13 min), sensitive and accurate method for the de ermination of 
DMP, DEP, BBP and DBP by LC-ES-MS/MS was developed. 
The main advantage of this method, compared with the methods proposed in th  
literature, is that the compounds can be detected at very low concentration without 
any sample pre-treatment. Moreover, the limits of detection obtained are 
comparable with the LODs found in the literature for determining of these 
phthalates by researches who performed a preconcentration step before the 




Another advantage is that the reduction of the number of sample pre-treatment 
steps decreases the risk of the sample contamination during the analysis, which is a 
very common problem in the analysis of phthalates. 
The method was applied for the determination of these compounds in four 
physiological saline solutions commercialized in plastic bottles. The presence of 
these compounds in the samples can be attributed to the different compositions of 
the plastic containers. Thus, control of material used in the manufacture of the 
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Resumen 
La nutrición parenteral total (NPT) es una técnica de soporte nutricional artificial 
cuyo objetivo es mantener el estado nutricional correcto del paciente uando la vía 
enteral es inadecuada o insuficiente; se administran por vía endov nosa todos los 
nutrientes (aminoácidos, carbohidratos, lípidos, electrolitos, vitaminas y elementos 
traza) en las cantidades y proporciones adecuadas. Los nutrientes alcanzan la 
circulación venosa directamente, sin atravesar la barrera intstinal.Una NPT puede 
contener más de 50 componentes diferentes en solución con un alto potencial d  
interacciones químicas y físico-químicas entre sus ingredientes, sumado a los 
materiales de acondicionamiento (PVC o EVA) y a los factores externos como el 
oxígeno, la temperatura, la luz y la humedad. 
El material de acondicionamiento juega un papel muy importante en la estabilidad 
y seguridad del paciente, debido a que sus productos de fabricación interaccionan 
con los componentes de la nutrición. Se recomienda no utilizar bolsas de PVC para 
la administración de las nutriciones parenterales debido a que en su fabricación se 
utilizan ciertos componentes como los ftalatos, que actúan como plastificantes para 
impartir flexibilidad, que carecen de uniones químicas covalentes con la matriz de 
PVC y pueden ser arrastrados fácilmente por los componentes lipídicos al seno de 
la nutrición y, en definitiva, llegar al paciente a través de la circulación sanguínea, 
pudiendo alcanzarse concentraciones tóxicas. Debido al carácter liposoluble de los 
ftalatos, las nutriciones parenterales que contengan emulsiones grasas deben 
almacenarse en bolsas de etilvinilacetato (EVA) y no en bolsas de PVC; sin 
embargo las conexiones utilizadas entre las bolsas y el catéter siguen conteniendo 
plastificantes. 
 
El objetivo en este capítulo fue analizar las nutriciones parenterales procedentes de 




de Santiago de Compostela con el fin de detectar y cuantificar la presencia de 
ftalatos en las mismas a pesar de estar contenidas en bolsas EVA. 
El interés radica en que los pacientes ingresados en esta Unid d son los más 
vulnerables debido a la escasa madurez de sus órganos por lo que resulta de vital 
importancia conocer el riesgo potencial al que pueden estar sometid s por la 
migración de ftalatos a través de los dispositivos médicos. 
Las muestras del estudio se clasificaron en dos tipos de nutriciones denominadas 
tipo A y tipo B; la única diferencia entre ellas es la presencia de una mezcla de 
oligoelementos, también llamados elementos traza, en la de tipo A y un complejo 
multivitamínico, que incluye vitaminas liposolubles, en la de tipo B. El resto de los 
componentes de la nutrición son comunes a ambos tipos de nutriciones. 
Las nutriciones tipo A y B se administran a los pacientes en días consecutivos, 
evitando así la presencia conjunta de elementos traza y vitminas en la bolsa de 
nutrición que pueden ocasionar interacciones entre los componentes. 
 
El desarrollo del estudio, desde el punto de vista analítico, fue llevado a cabo 
utilizando una nutrición parenteral contenida en envase de vidrio constituida por 
los mismos componentes que las nutriciones parenterales de estudio. Esta muestra 
“blanco” fue preparada por el Servicio de Farmacia Hospitalaria siguiendo el 
protocolo de preparación de NPT. 
 
En la primera parte de este capítulo se trabajó sobre el método analítico 
desarrollado en el capítulo II para adaptar el método de HPLC-MS al análisis de 
seis ftalatos (DMP, DEP, BBP, DBP, DEHP y DOP) y se utilizó el DPeP como 
estándar interno. 
Por otra parte, la cuantificación de los ftalatos a partir de nutriciones parenterales 
requirió de un proceso de extracción previo al análisis cromatográfico. Este 
procedimiento se desarrolló mediante una extracción líquido-líquido (LLE) 
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empleando pequeños volúmenes de muestra y de disolvente orgánico. Se 
consiguieron así dos objetivos, la separación de los analitos de la matriz y la 
preconcentración de los mismos. 
Los resultados obtenidos mostraron una clara diferencia en el co t nido de ftalatos 
entre las muestras sin vitaminas y las muestras con vitaminas. Este resultado se 
atribuyó a que el contenido lipídico de las muestras con vitaminas favorece la 
liberación de estos compuestos desde las bolsas de infusión a las muestras. 
En la última parte de este capítulo se estudió la presencia de ftalatos en el material 
utilizado en las vías de infusión; para ello se cuantificaron los ftalatos presentes en 
una muestra de NPT conteniendo vitaminas antes y después de pasar por el tubo de 
infusión empleado en la administración. Los resultados permitieron confirmar el 
aumento de DEP y DEHP en la muestra analizada después de pasar por los tubos 
de infusión. 
Estos resultados nos permiten evidenciar la importancia de controlar el material 
empleado en la fabricación de dispositivos médicos con el fin de evitar la 
exposición a contaminantes tóxicos, como los ftalatos, que pueden derivar en 
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Abstract 
A method for determining a group of phthalate esters in pharmaceutical formulae 
used in parenteral nutrition samples (with and without vitamins) has been 
developed. The phthalic acid esters (PAEs) studied were dimethyl phthalate, 
diethyl phthalate, butyl benzyl phthalate, dibutyl phthalate, di-(2-ethylhexyl) 
phthalate, and dioctyl phthalate. This group of phthalates was determined by high 
performance liquid chromatography (HPLC)-electrospray ionization-mass 
spectrometry, working in positive ion mode. The phthalates analyzed were 
extracted from the sample using hexane and sodium hydroxide. The hexane was 
then evaporated, and the compounds were redissolved in acetonitrile. The 
compounds were separated by HPLC working in a gradient mode with acetonitrile- 
ultrapure water starting from 5% to 75% acetonitrile in 5 min, followed by isocratic 
elution for 27 min. Standard calibration curves were linear for all the analytes over 
the concentration range 10-250 µgL-1. The method was precise (with RSD from 
3.3% to 12.9%) and sensitive. The proposed analytical method has been appli d to 
the analysis of these compounds in different pharmaceutical formulae (with 
different compositions) for parenteral nutrition samples in order to check the 
presence of phthalates and determine their concentration. 
 







Phthalates or phthalic acid esters (PAEs) are a group of chemical compounds 
widely use in industry and commerce due to their large variety of uses. Due to the 
ability to increase the softness and flexibility of plastics, they are used mainly as 
plasticizers in a wide variety of products including medical devices, children´s 
toys, and all types of packaging. The main drawback of the use of PAEs is that they 
can migrate from the material to the environment and pollute watr, soil and food 
products. Furthermore, certain phthalate esters and or their metabolites are 
suspected to be human carcinogenic agents and endocrine disruptors, which make 
their trace determination particularly important [1, 2]. The interest of the 
determination of these compounds has increased in recent years due to results 
obtained in the studies concerning in human blood and urine samples where trac  
levels of various phthalates (or their metabolites) have been found [3, 4].
Several techniques have been used for PAEs determination in different matrices. In 
order to detect PAEs at sub ppm levels in different samples, a cle n 
up/preconcentration step is necessary before instrumental analysis. Different 
methods have been developed with this purpose such as liquid-liquid extraction 
(LLE) [5-10], liquid-phase microextraction (LPME) [11], single drop 
microextraction (SDME) [12] solid phase extraction (SPE) [13-17], solid phase 
microextraction (SPME) [18-20], stir bar sorptive extraction (SBME) [21, 22], and 
solid/liquid extraction (SLE) [23, 24]. 
Gas chromatography (GC) and high performance liquid chromatography (HPLC) 
are the techniques usually used for PAEs separation in different matrices, such as 
environmental or biological samples. Generally, GC presents higher sensitivity 
than HPLC methods, although depending on the pre-treatment step, the 
instrumental conditions, and the sample matrix [1]. HPLC can be used a  an 
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alternative technique and is especially useful for analysis of isomeric mixtures and 
metabolites of phthalates without derivatization [25]. Ultraviolet detection has been 
used for phthalate determination in environmental and biological samples [8, 9, 17, 
26, 27]. However the use of mass spectrometry has increased in recent y ars, either 
operating with a single spectrometer [28, 29] or using a mass spectrom ter in 
tandem [4, 16, 30, 31] with applications in different matrix samples (sludge, urban 
wastewater, urine, milk, and drugs). Although CG-MS offered higher sensitivity 
for phthalate determination than LC-MS, LC-MS approach offered some 
advantages, compared with GC-MS, such as superior selectivity with molecular 
weight information for the isomeric mixtures, more reliable quantification of PAEs 
isomeric mixtures, simpler cleanup procedures, and shorter analysis time. 
Moreover, phthalic acid monoesters can be analyzed without derivatization by 
HPLC [32]. 
The major problem in phthalate analysis is contamination, resulting in false 
positive results or over-estimated concentrations. The risk of contamination is 
present in the whole analytical scheme, including sampling, sample preparation, 
and chromatographic analysis. Due to the fact that phthalates re widely used, they 
are present in air, water, organic solvents and plastic, and adsorbed onto glass or 
other materials [32]. 
Different cleaning methods have been proposed to prevent phthalate contamination 
problems due to the phthalates from material used in the laboratory. In most of 
these methods, glass material is rinsed with organic solvents after a rigorous 
washing [17, 31, 33]. 
The aim of this work was the development of a method for phthalates 









2.1. Reagents and Standards 
All reagents used were of analytical reagent grade. Dimethyl p thalate (DMP), 
butyl benzyl phthalate (BBP), dipentyl phthalate (DPeP), and dioctyl phthalate 
(DOP) were obtained from Supelco (Bellefonte, PA, USA). Diethyl phthalate 
(DEP) and dibutyl phthtalate (DBP) were obtained from Riedel-de Haën (Seelze, 
Germany). Diethylhexyl phthalate (DEHP) was obtained from Merck (Darmstad, 
Germany).  The purity of these reagents was over 98%. 
Individual standard solutions of each phthalate ester at a concentratio  of 1000 
mgL-1 were prepared in methanol, protected from light, and stored at 4°C in a 
Teflon-capped glass vial. From these solutions, a working mixture in methanol was 
prepared weekly, containing all standards of concentration 100 mgL-1 each. All the 
working solutions were prepared daily by diluting this solution. 
Hexane (PA-ACS-ISO) (Panreac, Barcelona, Spain) and sodium hydroxide 
(Merck, Darmstadt, Germany) were used in the liquid-liquid extraction.  
Lichrosolv gradient grade acetonitrile and methanol were purchased from Merck 
(Darmstadt, Germany). Technical-grade acetone and acetic acid gl al (HPLC) for 
instrumental analysis were purchased from Panreac (Barcelona, Spain). Ultrapure 
(resi-analized) water for environmental inorganic and organic trace analysis was 
supplied by J.T. Baker (Phillipsburg, NJ, USA). 
Special care was taken to avoid contact of reagents and solvents with plastic 
materials. In order to reduce background contamination, all glassware was cleaned 
prior to the analysis according to the recommendations specified in EPA method 
506. All material was washed with hot water and soap, rinsed with tap and 
ultrapure water and thoroughly rinsed with technical-grade acetone. Glassware was 
then sealed with aluminium foil and stored in a clean environment to prevent 
adsorption of phthalates from air. 
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2.2. Instrumentation 
Phthalates separation and quantification were carried out using a liquid 
chromatography/electrospray ionization mass spectrometry system. 
The HPLC system used was a 1100 Series equipped with an automatic injector 
(Agilent Technologies, Waldbronn, Germany) that is coupled to an API 150 EX 
single quadrupole mass spectrometer equipped with a Turboionspray interface (PE 
Biosystems, Concord, Canada). 
The analytical column was a ZORBAX Eclipse XDB-C8 of 50 mm length and 2.1 
mm internal diameter (particle size 3.5 µm) supplied by Agilent Technologies. 
A centrifuge Selecta (Barcelona, Spain) working at 3500 rpm was used in the 
liquid-liquid extraction procedure. 
 
2.3. Chromatographic and Mass Spectrometry Conditions 
The binary mobile phase consisted of ultrapure water and acetonitrile, both 
solvents containing 0.1% (v/v) acetic acid. The elution gradient started with 5% of 
acetonitrile, which was increased linearly to 75% in 5 min. This composition was 
maintained for 27 min before returning to the initial conditions. The column was 
then equilibrated for 10 min. 
The flow rate and the injection volume were 200 µLmin-1 a d 10 µL, respectively, 
and the chromatographic separation was carried out at room temperature. Under 
these conditions, the separation time was less than 30 min. 
Electrospray ionization was performed in positive ion mode using the operational 
parameters shown in Table 1. 
The compound parameters such as declustering potential (DP), focusing potential 
(FP), and enhance potential (EP) were optimized for each analyte. The optimal 






Table 1: ES-MS parameters 
Compound m/z DP FP EP 
DMP 
BBP 













Nebulizer and Curtain gas (N2): 14 psi; Heater gas: 7000 cc/min; ES temperature: 450ºC; Ionspray 




2.4. Sample preparation 
The six phthalate esters studied in this work were extracted from the sample using 
a liquid-liquid extraction procedure. Thus, a volume of 1 mL of parenteral nutrition 
and 1 mL of NaOH 0.1M were introduced into a conical glass tube. Th  mixture 
was vortexed for 2 min, and then 2 mL of hexane was added. The solution was 
shaken for 3 min in samples without vitamins and 5 min in samples with vitamins. 
In samples with vitamins, a centrifugation step at 3500 rpm for 10 min was used to 
improve phase separation. The organic layer (fraction 1) was separat d and 
transferred into another clean conical glass tube. The aqueous phase was extracted 
again with 2 mL of hexane, and the mixture was treated as above. The separated 
organic phase (fraction 2) was combined with fraction 1, and the total organic 
phase was evaporated to dryness using a hot water bath under argon stream. The 
residue was reconstituted with 500 µL of acetonitrile containing 250 µgL-1 of DPeP 
(internal standard (IS)) and shaken for 1 min; finally, 10 µL of solution was 
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3. Results and Discussion 
 
3.1. ES-MS Optimization 
Six phthalate esters (DMP, DEP, BBP, DBP, DEHP, and DOP) were s lected for 
this study. DPeP was used as an internal standard. 
To evaluate the mass spectral fragmentation pattern of each compound and to 
optimize the set of parameters used, a standard solution (100 µgL-1) of each 
compound was analyzed by direct injection in the spectrometer. For these 
experiments, a KD Scientific, model 100, syringe pump (New Hope, MN, USA) at 
15 µLmin-1, was used. 
Full-scan data acquisition was performed from 800 to 400 m/z, with the target mass 
fixed to the following m/z values: 91.15 for BBP, 149.05 for DEP, DBP, DPeP, 
DEHP, and DOP and 163.25 for DMP. The spectral data provided ions in 
accordance with previous studies reported in the literature [18, 34-37]. The selected 
ions were chosen to attain the best response in the SIM mode acquisition. 
 
3.2. Optimization of HPLC separation 
After optimizing the detection conditions, the following experiments were 
conducted to optimize the chromatographic separation of the analytes. 
Experiments were carried out using different mobile phases reported in the 
literature (methanol/water [38], acetonitrile/water [39], acetonitrile (1% 
methanol)/water [40]), working in isocratic mode. The best resolution was obtained 
using acetonitrile/water as a mobile phase. These results agree with the 
experiments developed by López-Jimenez et al. [41]. In order to improve the 
resolution and to decrease the time of analysis, different experiments were carried 
out working in gradient mode. The best results were obtained starting with 5% of 
acetonitrile and increasing this percentage to 75% in 5 min. Then this composition 




column was equilibrated during 10 min before each injection. Other parameters 
optimized were the percentage of acetic acid and the flow rate of the mobile phase. 
The optimal conditions were 0.1% (v/v) acetic acid and a flow rate of 200 µLmin-1. 
The chromatogram obtained for a mixed of these compounds under the optimized 
























Figure 1- LC/MS extracted ion chromatogram obtained from a standards solution (100 
µgL-1) in acetonitrile. Retention times (RT:min): DMP 6.72, DEP 7.43, BBP 9.02, DBP 
9.29, DPeP 10.94, DEHP 26.71, DOP 28.62 
 
 
3.3. Phthalate separation by Liquid-Liquid Extraction 
The phthalate esters studied were separated using a LLE procedure. The sample 
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favor the migration of phthalates toward the extracting agent, and hexane was used 
as an organic phase. 
The initial conditions used to develop this study were selected based on of the 
results obtained by Kambia et al. [8]. Thus, 1 mL of parenteral nutrition and 1 mL 
of 1M sodium hydroxide were introduced into a conical glass tube. Th  mixture 
was vortexed for 2 min, and then 2 mL of hexane was added. The solution was 
shaken for 5 min and centrifuged for 10 min at 3500 rpm. The organic l yer
(fraction 1) was separated and transferred into another clean conical glass tube. The 
aqueous phase was extracted again with 2 mL of hexane, and the mixture was 
treated as above. The separated organic phase (fraction 2) was combined with 
fraction 1, and the total organic phase was evaporated to dryness using a hot water 
bath under argon stream. The residue was reconstituted with 500 µL of acet nitrile 
containing 250 µgL-1 of I.S. and shaken for 1 min; finally, 10 µL of solution was 
injected in the HPLC-ES-MS system. The parameters studied in this work were 
sodium hydroxide concentration, volume of hexane, and agitation time. The 
experiments were developed with two types of parenteral nutrition containing 
aminoacids, glucose, and electrolytes. The only difference was the pres nce or 
absence of vitamins, which confer the lipophilic character to the sample. 
The first parameter studied was the volume of hexane. Experiments w re carried 
out using a blank sample of parenteral nutrition (with and without vitamins) spiked 
with 100 µgL-1 of all phthalates studied and varying the volume of hexane between 
1 and 3 mL in each extraction (extraction by duplicate). In these experiments, the 
other parameters were fixed at 1 mL of 1M NaOH and agitation time of 5 min. The 
results obtained show that the signals remain practically constant with the volume 
of hexane, for compounds such as DEP, but in general there is an improvement 
using 2 mL of hexane in each extraction. The results were similar in the two types 




Another parameter studied was the sodium hydroxide concentration. For this 
purpose, experiments were carried out varying the NaOH concentratio  from 0 to 
1.5M. The results obtained show that, in general, the extraction procedure is 
improved by increasing the NaOH concentration until 0.1M in both types of 
samples; concentrations higher than 0.1M decreased the percentage of extraction 
for all compounds studied. Therefore, 0.1M sodium hydroxide was selected for this 
study. The result obtained disagrees with the result obtained by Kambia et al., 
which used 1M sodium hydroxide in the extraction procedure. This different result 
may be attributed to the different composition of the samples analyzed. 
The following parameter studied was the agitation time during the extraction 
procedure. The experiment was carried out varying the agitation time between 1 
and 7 min. The best results were obtained using agitation times of 3 min for all 
compounds in parenteral nutrition samples without vitamins and 5 min for all 
compounds in parenteral nutrition samples with vitamins. 
 
3.4. Analytical performance 
To evaluate the linearity of the method, a direct calibration was performed. Ten 
microliters of standard solutions in acetonitrile with concentrations ranging from 
10 to 250 µgL-1 was injected by triplicate. Relative areas (analyte peak area / IS 
peak area), were plotted versus the amount of analyte injected, expressed in µgL-1, 
and the background levels were subtracted from the results. The results obtained 
show good correlation coefficients (r2 > 0.9964) for all the studied compounds. 
The standard addition method was applied over the same range of concentrations 
using a parenteral nutrition sample (with and without vitamins), obtaining good 
correlation coefficients (r2 > 0.9910) for all the studied compounds. 
To compare slopes of direct calibration and addition graphs for the six compounds, 
the t test (95% significance level) [42] was applied. Results for samples without 
vitamins have shown statistically differences for DMP, whereas statistically 
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differences were observed for all compounds for samples with vitamins. This 
means that the sample matrix had influence in the sensitivity of the method; thus, 
standard addition graphs have been used to analyze the samples in all cases. 
The limit of detection (LOD) and limit of quantification (LOQ) for the method 
were calculated using 11 measurements of an acetonitrile extract of a blank sample. 
This blank sample was prepared with the same compounds that as the parenteral 
nutrition and stored in a glass bottle to avoid phthalates contamination and was 
then treated with the liquid-liquid extraction procedure described in the “Sample 
preparation” section. Limits of detection of target compounds in the parenteral 
nutrition samples were calculated from the instrumental detection limit, taking into 
account the amount of sample extracted, the volume of the organic phase used, and 
the recovery of the method. The results obtained for LODs and LOQs for the 
different samples (with and without vitamins) are shown in the Table 2. The limits 
of detection are between 0.1 and 10.8 µgL-1, and the highest levels obtained were 
for DEP and DBP. The LOQ obtained for DEHP is lower than those obtained by 
Kambia et al. [8] (20 ngmL-1) for the determination of this compound in this type 














Table 2. LODs and LOQs obtained for the six phthalates in parenteral nutrition samples 
(without and with vitamins). 
Nutrition      
without vitamins 
DMP DEP BBP DBP DEHP DOP 
LOD (µgL -1) 1.1 7.0 1.3 7.4 5.0 1.1 
LOQ (µgL -1) 3.6 23.5 4.5 24.8 16.8 3.7 
Nutrition            
with vitamins DMP DEP BBP DBP DEHP DOP 
LOD (µgL -1) 0.1 13.2 0.9 10.8 2.5 1.0 
LOQ (µgL -1) 0.5 44.1 2.9 35.9 8.3 3.3 
 
 
To check, the intra- and interday precision assays were developed. For the intraday 
study, six aliquots of a parenteral nutrition sample with vitamins and another six 
without vitamins, spiked with 100 µgL-1 of all compounds studied, were subjected 
to the extraction procedure described above. The extracts were analyzed in the 
same day for all compounds studied, and the relative standard deviation was 
calculated. The interday assay was carried out in the same way by subjecting 12 
aliquots of spiked samples (with and without vitamins) to the extraction procedure 
in two different days. The RSD values were between 2.4% to 9.4% in the intraday 
assay and between 3.3% and 12.9% in the interday assay; thus, the method is 
precise for all studied compounds. 
The recovery of the method was calculated using a blank sample (with and without 
vitamins) spiked with three different concentrations of these compounds (50, 100, 
and 200 µgL-1). The extractions were carried out by duplicate and analyzed by 
triplicate and the recovery calculated using the standard addition graphs. The 
average analytical recoveries were 56.0%, 93.0%, 96.6%, 94.1%, 74.4%, and 
74.3% for DMP, DEP, BBP, DBP, DEHP and DOP respectively, in nutrition 
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samples without vitamins, and 78.6%, 56.3 %, 97.6%, 99.2%, 67.8%, and 105.2% 
for DMP, DEP, BBP, DBP, DEHP and DOP, respectively, in nutrition samples 
with vitamins. 
 
3.5. Application to parenteral nutrition samples 
The proposed analytical method has been applied to the analysis of different 
parenteral nutrition samples, with and without vitamins, used in the public health 
system, in order to check the presence of these phthalates and to determine their 
concentrations. 
All samples studied were prepared by the Hospital Clínico Universitario de 
Santiago de Compostela Pharmacy Department. These samples were prepared for 
neonates admitted to the intensive care unit and stored in ethyl vinyl acetate at -4ºC 
until analysis. The analytes were extracted from the sample using the extraction 
procedure described in the “Sample preparation” section. 
The results obtained for these phthalates in the samples (with and without vamins) 
analyzed are shown in Table 3. Figure 2 shows the chromatograms obtained for 














Table 3. Concentration (µgL-1) ± standard deviation (base on three replicates) found in 
different parenteral nutrition samples (without and with vitamins). 
Samples without 
vitamins 
DMP DEP BBP DBP DEHP DOP 
Sample 1 nd nd 1.3 ± 0.1 nd nd nd 
Sample 2 nd nd nd 13.3 ± 3.7 7.0 ± 0.5 nd 
Sample 3 2.40 ± 0.9 nd nd nd 9.3 ± 3.2 nd 
Sample 4 nd nd 11.6 ± 0.2 12.9 ± 5.4 22.2 ± 1.8 nd 
Sample 5 nd nd nd nd 19.5 ± 7.0 nd 
Sample 6 nd nd nd nd 17.2 ± 0.5 nd 
Sample 7 nd nd nd 21.6 ± 4.4 36.5 ± 0.8 nd 
Samples with 
vitamins DMP DEP BBP DBP DEHP DOP 
Sample 1 6.8 ± 0.1 nd 6.1 ± 0.3 35.3 ± 1.5 215.1 ± 3.9 nd 
Sample 2 7.1 ± 0.1 nd 5.9 ± 0.1 42.4 ± 4.7 993.7 ± 4.2 nd 
 
 
As can be seen in Table 3, the phthalates were not detected in samples without 
vitamins or were detected at very low concentrations. 
 
The results obtained for parenteral nutrition samples with vitamins were very 
different. All compounds studied, except DEP and DOP, were detected in he four 
samples studied. The highest concentrations were obtained for DEHP in all 
samples studied. This demonstrates that the lipid content of the parenteral nutrition 


























































Figure 2- LC/MS extracted ion chromatogram obtained from parenteral nutrition sample 





Table 4 shows the results corresponding to the same sample with vitamins before 
(sample A) and after (sample B) passing through the administration tube. In this 
case, an increment in the concentration of DEP and DEHP was observed. This 
means that these types of components are employed in the manufacture of infusion 
lines. As reported, these compounds are usually present in plastics to improve their 
flexibility, and this can entail a risk to the health of the patients. 
 
 
Table 4. Concentration (µgL-1) ± standard deviation (base on three replicates) found in a 
sample with vitamins before (sample A) and after (sample B) to pass through the 
administration tube. 
Samples DMP DEP BBP DBP DEHP DOP 
Sample A 6.7 ± 0.1 35.0 ± 7.9 5.3 ± 0.1 29.6 ± 1.5 1605.6 ± 9.1 nd 





A sensitive and precise method to separate and determinate six phthalates in 
parenteral nutrition samples by HPLC-ES-MS was optimized. An LLE method to 
separate and preconcentrate these compounds in the samples was studied using 
sodium hydroxide and hexane as an organic phase. The proposed method was 
applied to the determination of these compounds in parenteral nutrition samples 
with different compositions. The only difference of these groups of samples is the 
lipid content (samples with and without vitamins). The results obtained show that 
the presence of vitamins in the sample increases the release of these compounds 
from the infusion bags to the sample. This is due to the fact that he lipid content 
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(some vitamins) favors the release of these compounds from the bag because 
phthalates are lipid soluble and are not chemically bound to plastics. Moreover, an 
increase of the DEHP and DEP was observed in the sample pass d through the 
administration tube used to supply the nutrition to the patient. The results confirm 
previous findings [43-45] and show that infusion lines leach plasticizers in 
substantial amounts. This large amount of phthalates (especially DEHP) is a cause 
of worry because it may affect the most vulnerable patients. 
Control of material used in the manufacture of medical devices s important to 
avoid the exposure to toxic contaminants, like phthalates, that may produce several 
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Resumen 
En nuestra vida diaria estamos en contacto continuo con gran cantidad de objetos 
que contienen ftalatos, desde todo tipo de materiales plásticos hasta gr n cantidad 
de artículos utilizados en el cuidado personal. El riesgo para la s lud aumenta 
cuando los ftalatos, algunos de ellos clasificados como carcinógenos d  categoría 
2, atraviesan nuestras barreras y entran en el organismo. El acceso de estos 
compuestos al organismo puede tener lugar por distintas vías: por vía respiratoria 
(por ejemplo a través del aire contaminado en procesos de producción de 
plásticos), por vía dérmica (mediante el uso de determinados cosméticos y 
fragancias), por vía digestiva (mediante la ingesta de alimentos contaminados con 
ftalatos), por vía intravenosa (por liberación de ftalatos a partir de los dispositivos 
médicos) e incluso por vía ocular. Se trata, esta última, de una posible vía de 
entrada de los ftalatos en el organismo hasta ahora desconocida en la lit ratura 
científica. 
 
En este capítulo se evaluó la presencia de ftalatos en las lentes de contacto y en sus 
soluciones de limpieza. Se abarca aquí un tipo de muestras utilizadas por gran parte 
de la población y que hasta el momento no habían sido objeto de estudio en el 
análisis de ftalatos. 
Las lentes de contacto estudiadas están clasificadas por la FDA como lentes de 
contacto no iónicas cuyo contenido en agua  está comprendido entre el 51 y 80%.
Como consecuencia de su uso, la lente permanece en contacto con los oj s durante 
tiempos prolongados, lo que facilitaría la liberación de ftalatos en el entorno ocular 
y su consiguiente riesgo para la salud si estos compuestos son utilizados en los 
procesos de fabricación de estos productos. 
En la primera parte de este trabajo se estudió la presencia de ft latos en distintas 
soluciones utilizadas en la limpieza de las lentes de contacto comer ializadas en 




Posteriormente se estudió la posible migración de ftalatos desde las lentes de 
contacto blandas a una solución de lágrima artificial. Se realizó un estudio de 
migración que simuló en lo posible el entorno del ojo humano en cuanto a 
temperatura y humedad. Cada lente se sumergió en 1 mL de una solución 
comercial de lágrima artificial y se mantuvo a una temperatura constante de 37ºC y 
leve agitación a 130 rpm durante 24 h. 
 
La técnica de análisis utilizada en este trabajo fue la cromatografía líquida de alta 
resolución acoplada a la espectrometría de masas en tándem. Aunque el método 
desarrollado previamente permite el análisis conjunto de seis ftalatos, en este 
trabajo se estudiaron únicamente cuatro, el DMP, DEP, BBP y DBP. El DEHP y 
DOP se excluyeron del estudio por problemas de solubilidad de estos analitos en 
muestras acuosas. Se trata de un método rápido y sencillo, cuya sensibilidad 
permite la inyección directa de este tipo de muestras en el sist ma  HPLC-MS/MS  
sin necesidad de realizar ningún tratamiento previo. 
 
Del análisis de los resultados obtenidos se concluye que el DEP, el BBP y el DBP 
fueron detectados y cuantificados en las soluciones de limpieza contenidas en 
envases monodosis mientras que ninguno de los ftalatos estudiados se detectó en 
las soluciones de limpieza comercializadas en envases multidosis. P r otra parte, 
los resultados del estudio de migración confirmaron la liberación de algunos 
ftalatos a partir de las lentes de contacto.  
 
Como consecuencia de los numerosos estudios toxicológicos que revelan una 
asociación entre diversos ésteres de ftalatos y riesgos para la salud humana sería 
necesario ampliar el estudio para conocer con más detalle el modo de liberación y 
la cantidad máxima de ftalatos que puede ser liberada a partir de estos productos. 
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Abstract 
A fast and simple method using liquid chromatography–tandem mass spectrom try 
(LC-MS/MS) has been applied to identify and quantify four phthalic acid esters 
(PAEs) in different contact lens cleaning solutions. A migration study of these 
compounds from contact lenses has also been performed. The PAEs studied were 
dimethyl phthalate, diethyl phthalate, butyl benzyl phthalate and dibutyl phthalate. 
The migration of PAEs from contact lenses was performed by suspending each 
contact lens in an artificial tear solution at 37ºC and shaking it at 130 rpm for 24 h. 
The purpose of this study was to determine a possible migration of these 
compounds to the eyes as a result of the use of contact lenses and their cleaning 
solutions. The method was precise (with relative standard deviation (RSD) from 
2.2 to 11.9%). It was also sensitive, with LODs of 0.03, 0.19, 0.31 and 2.62 µgL-1 
for DMP, DEP, BBP and DBP respectively. The results obtained confirm the 
presence of these substances in some types of contact lens clea ing solutions. 
Furthermore, DBP and BBP were liberated from the contact lenses during the 
migration study. 
 
Keywords: Phthalates, Contact lenses, Cleaning solutions, LC-MS/MS. 











World wide production of phthalates (PAEs) and their frequent application in 
different products for daily use has resulted in their widespread presence in all 
parts of the environment. They are used to make plastics more flexible and 
resilient, and are often referred to as plasticizers. 
Plastics are made of monomers and other starting substances whi h are chemically 
reacted to a macromolecular structure, the polymer, forming the main structural 
component of the plastics. Different additives are added to the polymer to achieve 
defined technological effects. Potential health risks may occur from non- or 
incompletely reacted monomers and other starting substances and from low 
molecular weight additives which are transferred via migration from the plastic [1]. 
PAEs increase the flexibility of plastics only through weak secondary molecular 
interactions with polymer chains. These compounds are not covalently bound to the 
vinyl polymer matrix, and can thus be released fairly easily from these products. 
These plasticizers are found in products such as construction materials, medical 
devices, toys, and food packaging. Some of these compounds are also used in 
cosmetics, fragrances and personal care products [2]. 
A large number of these compounds have been identified as priority hazardous 
substances by the European Union (EU), the US Environmental Protection Agency 
(EPA) and by several international organizations [3-5]. Plasticizers can affect 
several aspects of human health especially the reproductive, endocrine and 
respiratory systems and can also produce dermatological problems [6-11]. Some 
phthalates such as benzyl butyl phthalate (BBP), dibutyl phthalate (DBP), di-n-
pentyl phthalate (DnPeP) and di-(2-ethylhexyl) phthalate (DEHP) are cl ssified as 
toxic to reproduction (category 2) by the European Union [12]. The results of 
toxicological studies have led to the prohibition in 1999 of the addition of 
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phthalates to prepare plastics intended for toys [13, 14]. Recently, the European 
Commission has published a new regulation on plastic materials and articles which 
will come into contact with food (Commission Regulation (EU) Nº 10/2011 of 4 
January 2011). This Regulation substitute Commission Directive 2002/72/EC and 
establishes the specific rules for plastic materials and articles to be applied for their 
safe use. This Regulation includes the Union list which contains substances 
authorised to be used in the manufacture of plastics which will come into contact 
with foods [1]. 
The determination of phthalates is not an easy task, in fact their widespread 
presence in laboratory environment, including air, glassware and reagents can 
produce false positive outputs [15-17]. Therefore, the risk of contami ation is 
present in the whole analytical scheme, including sampling, sample preparation nd 
analysis. 
Several methods for PAEs determination at very low concentrations in different 
matrices are found in the literature (water [16, 18-20], food [21-23], sediments 
[24], soils [25, 26], biological samples [27-29], toys [30-32], cosmetics [33], etc). 
Different sample treatments, extraction and preconcentration s eps such as liquid-
liquid extraction (LLE) [34-37], solid phase extraction (SPE) [38-41], solid phase 
microextraction (SPME) [42-44], stir bar sorptive extraction (SBSE) [45, 46], and 
solid/liquid extraction (SLE) [47-49] have been used before the instrumental 
analysis to determine these compounds in these types of samples. 
GC and HPLC as separation techniques coupled with different detectors are the 
main techniques used in the literature for PAEs determination. The coupling of 
these separation techniques with mass spectrometry and tandem mass spectrometry 
increase the sensitivity of the method. The results found in the literature indicate 
that GC-MS or HPLC-MS/MS present the lowest limits of detection [50].
In recent years, some authors have also focused their research to study the 




of some phthalates from toys and childcare articles to saliva simulants. The authors 
determined the phthalates in saliva by GC-MS. Bonini et al. also studied the 
migration of this type of compounds from food packaging films by GC-FID [49]. 
The objective of the present work is to evaluate the level of exposition to phthalates 
and the risks to human health by studying the presence of these compounds in 
contact lens cleaning solutions at sub ppm level, and by performing a mi r tion 





2.1. Reagents and standards 
All reagents used were of analytical reagent-grade. Dimethyl phthalate (DMP) and 
Butyl benzyl phthalate (BBP) were obtained from Supelco (Bellefont, PA, USA). 
Diethyl phthalate (DEP) and Dibutyl phthalate (DBP) were obtained from Riedel-
de Haën (Seelze, Germany). The purity of these reagents was over 98%. 
Lichrosolv gradient grade acetonitrile and methanol were purchased from Merck 
(Darmstadt, Germany). Technical-grade acetone and glacial acetic id (HPLC) for 
instrumental analysis were purchased from Panreac (Barcelona, Spain). Ultrapure 
(resi-analyzed) water for environmental inorganic and organic trace analysis was 
supplied by J.T. Baker (Phillipsburg, NJ, USA). 
 
2.2. Instrumentation 
A Series 1100 liquid chromatograph from Agilent Technologies (Waldbronn, 
Germany) was coupled to an API 4000TM Triple Quadrupole Mass spectrometer 
(Applied Biosystems, Concord, Canada) equipped with a Turbo IonsprayTM 
ionization source. A Zorbax Eclipse XDB-C8 column (3.5 µm, 2.1 mm x 50 mm) 
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from Agilent Technologies was used for the separation. Data acquisition and 
processing were performed using Analyst Software 1.4.2 (Applied Biosystems). 
A Boxcult incubator situated on a Rotabit orbital-rocking platform shaker (J.P. 
Selecta, Barcelona, Spain) was used to perform the migration test from the contact 
lenses.  
 
2.3. Glassware cleaning 
Special care was taken to avoid the contact of reagents and solvent  with plastic 
materials. Because of the ubiquity of plasticizers and the tendency of residues to 
persist, all glassware was cleaned prior to the analysis according to the 
recommendations specified in U.S. EPA Method 506 [51]. 
All material was washed with hot water and soap, rinsed with tap and ultrapure 
water and finally thoroughly rinsed with technical-grade acetone. Glassware was 
then sealed with aluminium foil and stored in a clean environment to avoid 
adsorption of phthalates from the air. 
 
2.4. Standards preparation 
Stock standard solutions of each phthalate ester at a concentration of 1000 mgL-1 
were prepared in methanol, kept in darkness, and stored at 4ºC in a Teflon-capped 
amber glass bottles until use. From these solutions, a working sta dard solution in 
methanol was prepared weekly containing all standards at concentrations of 100 
mgL-1 each. Diluted working standard solutions were prepared daily. 
 
2.5. Sample preparation 
Two types of samples were studied: contact lens cleaning solutions and artificial 
tear solutions. All samples were purchased in pharmacies. 
The contact lens cleaning solutions were injected directly into the liquid 




The artificial tear solution was used in the migration study of these compounds 
from contact lenses, using the procedure described in Section 2.6. The artificial tear 
solution used in this study was also injected directly into the LC-MS/MS system.  
 
2.6. Migration test 
The objective of this work was to check the presence of these phthalates in contact 
lenses and to study their migration from contact lenses to artifici l tear solutions. 
The method is based on orbital-horizontal shaking of the contact lenses with 
artificial tear solution, under strictly controlled conditions of temperature, mode of 
mechanical agitation, contact time and volume of artificial ter solution. The 
method is aimed at representing the human eye environment as far as it is possible 
in the laboratory. 
The contact lenses were put into the Teflon-capped amber glass vials with 1 mL of 
artificial tear solution. The vials were incubated at 37ºC with orbital-horizontal 
shaking at 130 rpm for 24 h. The solutions were then transferred to ano her glass 
vial and directly injected into LC–MS/MS system. No sample preparation process 
was necessary. 
 
2.7. LC-MS/MS conditions 
The LC-MS/MS conditions for DMP, DEP, BBP and DBP determination n 
aqueous samples were studied in a previous work developed by our resea ch group 
[52]. 
Ultrapure water and acetonitrile, both solvents containing 0.1% (v/v) acetic acid, 
were used as a binary mobile phase. Phthalates were separated by LC working in 
gradient mode. The separation was performed starting with 5% of acetonitrile and 
increasing to 75% in 5 min, which was increased linearly to 75% in 5 min. This 
composition was maintained for 8 min before returning to initial conditions. The 
column was equilibrated for 10 min. Ten microliters of each sample were injected 
 
Presence of Phthalates in Contact Lens and Cleaning Solutions 
191 
using the HPLC autosampler configured with syringe washes between injections to 
eliminate carryover. The flow rate was 200 µLmin-1 and the column oven was 
maintained at 40ºC. Under these conditions the separation time was less than 13 
min. These optimal conditions are shown in Table 1. 
 
 
Table 1- Operational conditions for LC-MS/MS 
HPLC (Agilent 1100)  
Column Zorbax Eclipse XDB-C8 (3.5µm 2.1mm x 50mm) 
Mobile phase Ultrapure water : acetonitrile (0.1% (v/v) acetic acid) 
Mode Gradient 
Flow rate 200 µLmin-1 
Oven temperature 40ºC 
Injection volume 10 µL 
MS/MS (API 4000)  
Ion Spray Voltage 5500 V 
Ionization mode ESI-positive 
Curtain gas 25 psi (nitrogren) 
GS1 (nebulizer gas)  50 psi 
GS2 (auxiliary gas) 60 psi 
Ion source temperature 450ºC 








ESI in the positive ion mode was used to form the positively charged analyte ions 
at the interface under fixed instrument settings (Table 1). The combinations of 
precursor ion and product ions were as follows: DMP (precursor ion → product 
ion, m/z 195 → 163), DEP (m/z 223 → 177), BBP (m/z 313 → 91) and DBP (m/z 
279 → 149). 
 
 
3. Results and discussion 
 
Phthalates (DMP, DEP, BBP and DBP) were determined in contact lens cleaning 
solutions and artificial tear solutions by LC-ESI-MS/MS. The instrumental 
conditions used in this work were optimized in a previously work [52]. The 
working conditions are described in Section 2.7 and summarized conditions are in 
Tables 1 and 2. 
 
 
Table 2- Phthalates and their precursor and product ion transitions, potentials 
optimization (DP: declustering potential; EP: enhance potential; CE: collision energy; 








   DP EP CE CXP  
Dimethyl phthalate DMP 195/163 31 10 13 14 8.6 
Diethyl phthalate DEP 223/177 36 10 23 12 9.6 
Butyl benzyl phthalate BBP 313/91 41 10 23 6 11.6 
Dibutyl phthalate DBP 279/149 50 9 11 10 11.9 
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One of the main problems involved in the determination of phthalates is laboratory 
contamination [15]. It was not possible to obtain zero method blanks for the 
phthalates analysed. However, the contamination level was reduced to a low and 
rather constant level by using high quality solvents combined with thorough rinsing 
of all glassware with ultrapure water and technical-grade acetone. The blank results 
were always subtracted to correct experimental values. 
 
3.1. Analytical performances 
Before the determination of these phthalates in contact lens c aning solutions and 
artificial tear solutions, the analytical characteristics were studied. 
The calibration was performed by the standard addition method, using an artificial 
tear solution and working in a concentration range from 0.5 to 100 µgL-1 for DMP 
and DEP, from 5 to 100 µgL-1 for BBP and from 40 to 250 µgL-1 for DBP. 
All the standard solutions were analyzed in triplicate. Linear regression was 
performed by plotting the peak area versus concentration. The coefficients of 
correlation (r) obtained were higher than 0.9985, indicating adequate linearity. The 
equations obtained for each compound are shown in Table 3. 
 
 
Table 3- Linear range, correlation coefficients, LODs and LOQs values obtained from the 
standard addition method in artificial tear solution 
Analyte 
Linear range      
(µgL-1) 
Correlation 
coefficient ( r ) 
LOD          
(µgL-1) 
LOQ          
(µgL-1) 
DMP 0.5-100 0.9993 0.03 0.09 
DEP 0.5-100 0.9992 0.19 0.63 
BBP 5-100 0.9988 0.31 1.03 




The sensitivity of the method was determined by calculating the limit of detection 
(LOD) and the limit of quantitation (LOQ). LOD and LOQ were assessed based on 
the IUPAC definition: 
 
m
SDLOD 3=     
m
SDLOQ 10=  
 
Where SD is the standard deviation of ten blank solutions and m is the slope of the 
addition graph. A commercial artificial tear solution was used as a blank. The 
results obtained for LODs and LOQs are shown in Table 3. The LODs obtained are 
between 0.03 and 2.62 µgL-1. The LODs and LOQs obtained in the present work 
were compared with values found in the literature. To the best of our knowledge, 
there are no published papers for the determination of these phthalates in contact 
lens cleaning solutions and artificial tear solutions; thus, the values obtained can be 
compared with the results obtained in saline or water samples. Koch et al. [53] 
determined these phthalates in urine samples by LC-MS/MS obtaining LODs from 
0.25 to 1.0 µgL-1. Gimeno et al. [54] obtained LODs from 0.01 to 1 µgL-1 for these 
phthalates in water samples using solid phase extraction previous to the 
determination by LC-MS. In general, the LODs obtained in this work are 
comparable or in some cases better than the values found in the literature. The 
advantage of the proposed method is its simplicity and speed because no 
preconcentration step is necessary. As sample manipulation is min mized, the 
contamination problems are greatly reduced, allowing phthalate determination at 
ppb levels. 
The within-run precision was studied using an artificial tear solution spiked with 
four concentrations of each phthalate (10, 25, 50 and 75 µgL-1 for DMP, DEP and 
BBP and 60, 100, 150 and 200 µgL-1 for DBP). Each solution was analyzed six 
times in the same run. The results obtained are shown in Table 4. 
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The relative standard deviations (RSD) were between 2.2 and 11.9%, thus, the 
method is precise for all the compounds studied. 
 
 
Table 4- Within-run precision assays  
% RSD Analyte 
10 µgL-1 25 µgL-1 50 µgL-1 75 µgL-1 
DMP 8.6 5.1 3.2 6.4 
DEP 11.9 7.4 4.1 10.7 
BBP 2.5 4.1 2.4 3.7 
 60 µgL-1 100 µgL-1 150 µgL-1 200 µgL-1 
DBP 8.5 4.7 2.2 5.4 
 
 
The analytical recovery of the method was determined using an artificial tear 
solution spiked with three different concentrations of these compounds (10, 25 and 
50 µgL-1 for DMP, DEP and BBP and 60, 100 and 150 µgL-1 for DBP). The spiked 
samples were analyzed three times, and the recovery calculated sing the standard 
addition graph. The recovery percentages obtained are shown in Table 5. The 
average analytical recoveries were 101.0, 100.1, 102.5 and 103.9% for DMP, DEP, 









Table 5- Recovery percentage ± standard deviation (n=3) 
% Recovery Analyte 
10 µgL-1 25 µgL-1 50 µgL-1 
DMP 98.9 ± 4.9 100.4 ± 5.2 103.8 ± 3.0 
DEP 106.4 ± 0.5 93.7 ± 7.7 100.4 ± 4.4 
BBP 108.7 ± 1.7 97.2 ± 2.8 101.5 ± 3.0 
 60 µgL-1 100 µgL-1 150 µgL-1 
DBP 98.5 ± 0.9 99.5 ± 0.6 113.8 ± 3.4 
 
 
The advantage of the proposed method is that it presents good sensitivity and 
precision, allowing us to detect trace levels of these phthalates with reduced 
analysis time. Moreover, the simplicity of the method avoids contamination 
problems, very frequent in phthalates determinations. 
 
3.2. Application of the proposed method to contact lenses cleaning solution 
The proposed analytical method has been applied to the analysis of different 
cleaning solutions commercialised in plastic bottles to check the presence of these 
phthalates and determine their concentrations. 
Samples analyzed in the study are available in two different plastic packages, 
single-dose (samples 4 and 5) and multidose (samples 1, 2 and 3). All samples 
studied are all-in-one solutions that clean, rinse, disinfect, store, remove proteins 
and lubricate soft contact lenses. 
The samples were directly injected into the chromatographic system; no sample 
preparation process was necessary. Results obtained are given in Table 6. 
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Table 6- Concentration (µgL-1) ± standard deviation (based on three replicates) found in 
different contact lens cleaning solutions. 
Cleaning 
Solutions DMP DEP BBP DBP 
Sample 1 n.d. n.d. n.d. n.d. 
Sample 2 n.d. n.d. n.d. n.d. 
Sample 3 n.d. <LOD n.d. n.d. 
Sample 4 n.d. 9.10±0.47 n.d. 19.66±2.60 
Sample 5 n.d. 0.92±0.13 2.62±0.01 n.d. 
< LOD: lower than the detection limit. n.d.: not detected. 
 
 
Analysis of the results shows that the phthalates studied were not detected in the 
cleaning solutions purchased in multidose containers (60-120 mL). These results 
can be atributted to the fact that the multi-dose containers ar  rigid and they do not 
require the use of plasticizers in their manufacture. 
However, in samples purchased in single-dose containers (10 mL) DEP, BBP and 
DBP were detected and quantified. DMP was not detected in any of the cleaning 
solutions studied. DEP levels of 9.1 and 0.9 µg L-1 were detected in sample 4 and 
sample 5 respectively. Sample 4 also presented DBP at concentrations of 19.7  
µgL-1. BBP was only detected in sample 5 in a concentration of 2.6 µgL-1. 
The only differences between sample 1 and sample 4 are the packaging (multidose 
or single-dose) and the wetting agent used (sodium hyaluronate and 
polyvinylpyrrolidone, respectively). Both samples are the same brand, but sample 1 
was purchased in plastic bottle of 60 mL, and sample 4 was purchased in a single-




release of DEP and DBP, used in the manufacturing process to provide elasticity to 
the packaging of sample 4. 
Figure 1 and Figure 2 show the chromatograms obtained when analyzing both 




































































Figure 1- LC-ES-MS/MS ion chromatogram obtained for DEP in sample 1 (cleaning 














































Figure 2- LC-ES-MS/MS ion chromatogram obtained for DBP in sample 1 (cleaning 
solution multidose) and sample 4 (cleaning solution single-dose) 
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3.3. Migration study of phthalates from contact lenses to artificial tear solution 
In the second part of the study soft contact lenses were subjected to a migration 
test. The aim was to evaluate the possible release of phthalates from the contact 
lenses to artificial tear solution and determine their concentrations. 
The method is based on orbital-horizontal shaking of the contact lenses with 
artificial tear solution, under strictly controlled conditions of temperature, mode of 
mechanical agitation, contact time and volume of artificial ter solution. The 
method is aimed at representing the human eye environment as far as it is possible 
in the laboratory. 
Soft contact lenses classified by the FDA as non-ionic contact lenses containing 
between 51 and 80% of water were studied. The main component of this type of 
lens is the hydrogel, which consists of a solid phase (polymer) dispersed in an 
aqueous phase. 
These contact lenses are disposable; each manufacturer sets the period of use, 
which ranges between 1 and 30 days. Sample A was Omafilcon A contact lens 
which contains 59% of water and its main monomer is oxietilfosforilcolina 
methacrylate. Sample B was Hioxifilcon A contact lens (55% of water) that is made 
of a copolymer of GMA (glycerol monomethacrylate) with HEMA (hydroxyethyl 
methacrylate). 
Each contact lens was introduced into the Teflon-capped amber glass vial with 1 
mL of artificial tear solution. Another vial with artificial tear solution but without a 
contact lens was used as a blank. The vials were incubated at 37ºC with orbital-
horizontal shaking at 130 rpm for 24 h. The solutions were then transfered to 
another glass vial and directly injected into LC–ESI-MS/MS system. No sample 
preparation process was necessary before the LC-ESI-MS/MS determination. The 





Table 7- Concentration (µgL-1) ± standard deviation (based on three replicates) found in 
artificial tear solution after applying the migration test to the contact lenses. 
Cleaning Solutions DMP DEP BBP DBP 
Artificial tear solution n.d. n.d. n.d. n.d. 
Sample A n.d. <LOD 3.13±0.05 169.85±2.61 
Sample B n.d. 0.27±0.04 3.95±0.04 184.19±1.94 
< LOD: lower than the detection limit. n.d.: not detected. 
 
 
Results show a significant release of some of the phthalates studied. DBP levels 
above 165 µgL-1 were detected in both cases. BBP was also detected. The 
concentrations found were 3.1 and 3.9 µgL-1 for sample A and B respectively. DEP 
was only detected in sample B at concentrations near the LOD. DMP was not 
detected in any samples studied. 
The results obtained in this migration study indicate that the daily use of these 
contact lenses can be an important source of exposure to these compounds. 
Research should be developed to minimize the release of these compounds from 






To the best of our knowledge, this is the first time that the presence of phthalates 
was studied in contact lenses and their cleaning solutions. These products are used 
every day by many consumers who are not aware of the impact of phthalates on 
human health. 
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A fast and simple method using LC-ESI-MS/MS has been applied. Rsults 
demonstrate the presence of different phthalates in contact lens cl aning solutions 
purchased in single-dose units. No phthalates were detected in cleaning solutions 
packaged in semi-rigid or rigid containers. These results are attributed to the 
plasticizers used in the manufacture of single-dose packaging to make them soft r. 
Moreover, the migration test confirms the release of some phthalates from soft 
contact lenses. The phthalate released in the highest concentration w s DBP with 
concentrations above 165 µgL-1 in contact lenses A and B. BBP was also detected 
in the two contact lenses and the levels found were below 5 µgL-1. DEP was only 
detected in sample B at levels near the LOD. 
The results obtained in this study indicate that the use of c rtain soft contact lenses 
might be of concern. Toxicological evidence indicates an association between 
several of these phthalate esters and risks to human health; therefore, more research 
studies are needed to know in great detail the release mode and the maximum 
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En el último capítulo de esta Tesis la investigación se orientó a la determinación y 
cuantificación de ftalatos en un tipo de muestras de uso diario en muchos hogares, 
los films, utilizados para proteger y conservar alimentos. La flexibilidad y 
extensibilidad de estos productos se obtiene mediante la adición de distintos 
agentes plastificantes durante el proceso de fabricación. 
En este caso coexisten dos factores importantes que favorecen la migración de los 
ftalatos desde el plástico al alimento; por un lado, la falta de uniones covalentes 
entre los ftalatos y la matriz polimérica facilita el desplazamiento de los mismos a 
través del film y por otro, debido al carácter lipofílico que prsentan su migración 
se ve favorecida cuando el film entra en contacto con alimentos con un alto 
contenido en grasas. 
En relación a los ftalatos y su contacto con alimentos, recient m te la Comisión 
Europea publicó el Reglamento (UE) Nº 10/2011 que deroga la Directiva 
2002/72/EC y que establece reglas específicas sobre los materiales plásticos y 
artículos destinados a entrar en contacto con alimentos. En su a exo I establece la 
lista de sustancias autorizadas en la producción de polímeros y su  limitaciones, 
entre ellas se establecen limitaciones para el uso de DiMP, DBP, DEHP y BBP. 
El objetivo en este estudio se centró en el análisis cualitativo y cuantitativo de los 
ftalatos contenidos en los films. En primer lugar se desarrolló un procedimiento de 
extracción sólido-líquido; se compararon el hexano y la acetona como disolventes 
de extracción, y se estudió el tiempo de ultrasonidos y el volumen de extractante. 
Las condiciones óptimas de la extracción se llevaron a cabo poniend  0.5 g de 
muestra en contacto con 10 mL de acetona bajo la acción de ultrasonidos durante 
15 min. La fase orgánica se llevó a sequedad con ayuda de una corriente de argon y 
el extracto obtenido se redisolvió con 1 mL de una solución de 200 µgL-1 de DPeP 





líquida de alta resolución acoplada a espectrometría de masas utilizando las 
condiciones de trabajo optimizadas en los capítulos anteriores. 
El método optimizado se aplicó al análisis de seis ftalatos (DMP, DEP, BBP, DBP, 
DEHP y DOP) en distintas marcas comerciales de film transparente, detectándose 
DEP, BBP, DBP y DEHP en las cinco muestras analizadas. 
En este capítulo se pone de manifiesto la presencia de ftalatos en los films. Debido 
a su conocida toxicidad y peligro para la salud sería interesante realizar un estudio 
de migración de los ftalatos detectados en estas muestras para conocer el riesgo de 
exposición que se deriva del uso de estos productos en contacto con alimentos y l 
grado de cumplimiento de la legislación vigente. 
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Abstract 
A method for determining dimethyl phthalate, diethyl phthalate, dibutyl phthalate, 
butyl benzyl phthalate, dioctyl phthalate and diethylhexyl phthalate in plastic 
wrapping films by High Performance Liquid Chromatography coupled with 
Electrospray Ionization-Mass Spectrometry has been developed in this work. These 
compounds were extracted from the sample using a solid-liquid extraction 
procedure. A comparison of acetone and hexane as extracting agents was 
performed, and acetone was selected. After the extraction procedue, the extracts of 
acetone were evaporated and the compounds were then redissolved in ac tonitrile. 
The compounds were separated by HPLC working in a gradient mode with 
acetonitrile and ultrapure water as a mobile phase. The method was preci e (with 
RSD from 1.9 to 12.2%) and sensitive (LODs from1.6 to 39.4 µgKg-1. The 
proposed analytical method has been applied to check the presence of th se 
compounds in different plastic wrapping film samples and to determin  their 
concentration. 
 
Keywords: Phthalates, HPLC-ES-MS, plastic wrapping f lm. 












Phthalates (PAEs) are a group of chemical compounds widely used in in ustry, 
mainly as plasticizers, due to the ability to improve the flexibility and softness of 
plastics. The plastic wrapping films are usually made with polyvinylidene chloride 
(PVDC), polyvinylchloride (PVC) or polyethylene (PE). The flexibility and 
extensibility of these films are obtained adding different plasticizers including 
phthalates [1, 2]. Phthalates are not chemically bound to plastic; thus, they can 
migrate from the plastic packaging to the contents and the environment [3]. 
Moreover, the lipophilic nature of these compounds favours their migration from 
the plastic to high fat content food [4, 5]. The problem associated with the use of 
these compounds is that certain phthalate esters and/or their metabolit s are 
suspected to be human carcinogenic agents and endocrine disruptors, which make 
their trace determination particularly important [6, 7]. Recently, the European 
Commission has published a new regulation on plastic materials and articles which 
come into contact with food (Commission Regulation (EU) Nº 10/2011 of 4 
January 2011). This Regulation includes the Union list which contain substances 
authorized to be used in the manufacture of plastic which come into co act with 
food [8]. 
Gas chromatography (GC) [9-13] and high performance liquid chromatography 
(HPLC) [14-18] coupled with different detectors are the common techniques used 
for phthalate determination in different matrices. In some cases, phthalate 
determination using these techniques was preceded by a clean up/preconcentration 
step. These sample pre-treatments include, liquid-liquid extraction (LLE) [19-21], 
solid phase microextraction (SPME) [12, 22], solid phase extraction (SPE) [23, 24] 
and solid-liquid extraction (SLE) [25, 26], among others. 
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In recent years, different studies have reported the presence of phthalates in plastic 
products for food use, including packaging bags, wrapping film, container boxes 
for use in microwave ovens, etc. For example, Hao-Yu Shen et al. [27] determined 
eight phthalates (DEP, DBP, DIBP, DBP, BBP, DCHP, DEHP and DOP) in 25 of 
these plastic products by gas chromatography in combination with mass 
spectrometry (GC-MS). These compounds were extracted from the plastic by 
sonication-assisted extraction with hexane. With this method it is possible to detect 
these compounds at the level of 10 µgKg-1. Bonini et al. [25] proposed a method 
for evaluation of plasticizers content in food packaging films by gas 
chromatography with flame ionization detector (FID). The extraction of the 
plasticizers studied from the plastic films was performed by a Soxhlet extraction 
with ethyl acetate. Ultrasonic solvent extraction combined with solid-phase 
microextraction (SPME) was used by Xiujuan et al [28] to extract phthalates from 
different types of plastics such as blood bags, transfusion tubig, food packaging 
bags and mineral water bottles. The extraction procedure was perform d using 
methanol as an extracting solvent and shaking for 30 minutes by ultrasonic 
agitation at room temperature.  
In others studies developed in recent years, the migration of phthalates from 
different matrices were studied. Bonini et al. [25] studied the migration of this type 
of compounds from food packaging films by GC-FID. Pérez-Feás et al. [29] 
studied the migration of these compounds from contact lenses to artificial ear 
solution by HPLC-MS-MS. Gärtner et al. [30] studied the migraton of phthalates 
in infant food packed in recycled paperboard using GC-MS. 
The objective of the present work was the development a method for phthalate 
determination in plastic wrapping film samples by HPLC-ES-MS. The developed 
method was used to study the presence of these compounds in different plastic film 








2.1. Reagents and Standards 
All reagents used were of analytical reagent-grade. Dimethyl p thalate (DMP), 
Butyl benzyl phthalate (BBP), Dipentyl phthalate (DPeP) and Dioctyl phthalate 
(DOP) were obtained from Supelco (Bellefonte, PA, USA). Diethyl phthalate 
(DEP) and Dibutyl phthtalate (DBP) were obtained from Riedel-de Haën (Seelze, 
Germany). Diethylhexyl phthalate (DEHP) was obtained from Merck (Darmstad, 
Germany).  The purity of these reagents was above 98%.  
Individual standard solutions of each phthalate ester at a concentratio  of 1000 
mgL-1 were prepared in methanol, kept in darkness, and stored at 4°C in a Teflon-
capped glass vial. From these solutions, a working standard solution in methanol 
was prepared weekly containing all standards at a concentration of 100 mgL-1 each. 
Diluted working standard solutions were prepared daily. 
Hexane (PA-ACS-ISO) and acetone (Panreac, Barcelona, Spain) were used in the 
liquid-liquid extraction.  
Lichrosolv gradient grade acetonitrile and methanol were purchased from Merck. 
Technical grade acetone and glacial acetic acid (HPLC) for instrumental analysis 
were from Panreac. Ultra-pure (resi-analized) water for enviro mental inorganic 
and organic trace analysis was from J.T. Baker (Phillipsburg, NJ, USA). 
 
2.2. Instrumentation 
Phthalates separation and quantification was performed using a liquid 
chromatography/electrospray ionization mass spectrometry system. 
The HPLC system used was a 1100 Series equipped with an automatic injector 
(Agilent Technologies, Waldbronn, Germany) coupled to an API 150 EX single 
quadrupole mass spectrometer equipped with a Turboionspray interface (PE 
Biosystems, Concord, Canada). 
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The analytical column was a ZORBAX Eclipse XDB-C8 of 50 mm length and 2.1 
mm internal diameter (particle size 3.5 µm) from Agilent Technologies. 
An ultrasonic bath (VWR International, Radnor, PA, USA) was used in the 
extraction procedure. 
 
2.3. Chromatographic and mass spectrometry conditions 
The LC-MS conditions for DMP, BBP, DBP, DEP, DEHP and DPeP determination 
were studied in a previous work developed by our research group [19]. 
Ultrapure water and acetonitrile, both solvents containing 0.1% (v/v) acetic acid, 
were used as a binary mobile phase. Phthalates were separated by LC working in a 
gradient mode. The separation was performed starting with 5% of acetonitrile and 
increasing to 75% in 5 min. The composition was maintained for 27 min before 
returning to the initial conditions. The column was then equilibrated for 10 min. 
The flow rate and the injection volume were 200 µLmin-1 a d 10 µL respectively. 
The chromatographic separation was performed at room temperature. Under these 
conditions, the retention times obtained were 7.04, 7.88, 9.66, 9.91, 11.60, 26.23 
and 27.96 minutes for DMP, DEP, BBP, DBP, DPeP, DEHP, DOP, respectively. 
Electrospray ionization was performed in positive ion mode using the operational 














Table 1: ES-MS parameters 
Compound m/z DP FP EP 
DMP 
BBP 













Nebulizer and Curtain gas (N2): 14 psi; Heater gas: 7000 cc/min; ES temperature: 450ºC; Ionspray 
voltage: 5500 V; mode: positive. DP: Declustering Potential; FP: Focussing Potential; EP: Enhance 
Potential 
 
2.4. Sample preparation 
Phthalates were analysed in different samples of plastic wrapping films. The 
phthalates studied were extracted from the plastic film (previously cut and 
homogenised) using a solid-liquid extraction procedure. Thus, 0.5 g of sample and 
10 mL of acetone were introduced into a conical glass tube. This tube was then 
sonicated, using an ultrasonic bath, during 15 min. The liquid phase was separated 
and transferred into another conical glass tube and was then evaporated to dryness 
using an argon stream. The residue was then reconstituted with 1 mL of acetonitrile 
containing 200 µgL-1 of DPeP (internal standard (IS)) and shaking for 1 min; 
finally, 10 µL of solution was injected in the HPLC-ESI-MS system. 
 
2.5. Glassware cleaning 
Special care was taken to avoid contact of reagents and solvents with plastic 
materials. Because of the ubiquity of plasticizers and the tendency of residues to 
persist, all glassware was cleaned prior to the analysis according to the 
recommendations specified in U.S. EPA method 506 [31]. 
All material was washed with hot water and soap, rinsed with tap and ultrapure 
water, and finally thoroughly rinsed with technical-grade acetone. Glassware was 
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then sealed with aluminium foil and stored in a clean environment to avoid 
adsorption of phthalates from air. 
 
 
3. Results and discussion 
 
Phthalates (DMP, DEP, BBP, DBP, DEHP and DOP) were extracted from plastic 
wrapping films using a solid-liquid extraction procedure. The extracted ompounds 
were separated and quantified by HPLC-ESI-MS.  
The instrumental conditions of HPLC-ESI-MS used in this work were optimized in 
a previous study developed in our research group [19]. The working conditions are 
described in Section 2.3 and summarised in Table 1. 
 
3.1. Phthalate separation by solid-liquid extraction 
The phthalate esters studied in this work were extracted from the transparent films 
using a solid-liquid extraction procedure. Experiments were performed to select the 
optimum conditions for the extraction procedure. The effect of two different 
extracting agents (acetone and hexane) was studied in this work. These extracting 
agents were selected based on previous studies found in the literature [19, 27]. 
The solid-liquid extraction procedure was performed using 0.5 g of a plastic film 
pool sample and using either acetone or hexane as extracting agents. Th  variables 
studied were the volume of the extracting agent and sonication time.  
The first experiments were performed to select the optimum volumes of the 
extracting agent. Thus, 0.5 g of sample and different volumes of acetne or hexane 
(between 5 and 25 mL) were introduced into a conical glass tube. This mixture was 
sonicated during 30 min in an ultrasonic bath. The liquid phase was then separated, 
transferred into another conical glass tube and evaporated to dryness under an 





containing 200 µgL-1 of DPeP (internal standard (IS)) and shaking for 1 min; 
finally, 10 µL of the solution was injected into the HPLC-ESI-MS system. The 
extraction procedure was performed in duplicate for all volumes studied, and each 
extract was analysed in triplicate.  
The results obtained show that only four phthalates (DEP, BBP, DBP and DEHP) 
were detected in all the extract obtained. This indicates that DMP and DOP are not 
present in the film pool sample used for developing this study, or they are present 
at very low concentrations. Therefore, the variables affecting the extraction 
procedure were optimized based on the results obtained for these four phthalates. 
Figure 1 and Figure 2 show the variation of the relative peak area when the 
volume of hexane and acetone are varied. 
The relative peak area increases slightly with the volume of hexane until 
approximately 15 mL and then remains practically constant or decreases, for DBP, 
BBP and DEHP. On the contrary, for DEP, the relative peak area decreases when 
using higher volumes of hexane until 10 mL and then remains practically constant. 
Taking into account the results obtained for the four phthalates studied, 15 mL was 
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The results obtained using acetone as extracting agent (Figure 2) show that the 
relative peak area remains practically constant for BBP and DEP for all volumes 
studied, while, the relative peak area increases slightly for DBP and DEHP until 10 
mL of acetone and then remains practically constant. Thus, 10 mL was selected as 
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Figure 2. Influence of volume of acetone in the solid-liquid extraction procedure 
The next parameter studied was the sonication time. Experiments were developed 
following the extraction procedure described above and varying the sonication time 
between 15 to 120 min. These experiments were performed using either hexane or 
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significant difference between the times studied. Thus, 15 minutes was selected as 
the optimum sonication time.  
After the selection of the volume of extracting solution and the sonication time, 
experiments were performed to select the best extracting solution. The study was 
developed taking 0.5 g of a plastic film pool sample and applying the solid-liquid 
extraction procedure using either hexane or acetone with the conditions optimized 
in this work (15 mL of hexane or 10 mL of acetone and sonication time of 15 min). 
As can be seen in Figure 3, no differences were observed in the relative peak areas 
obtained for DEP and BBP using hexane or acetone as extracting solvent . On the 
contrary, the relative peak area increased for DBP and DEHP when acetone was 
used. Taking into account these results, acetone was selected as extracting solvent 
for further studies. 
The chromatogram obtained for an extract spiked with 200 µgL-1 of all phthalates 






























































Figure 4. HPLC-ESI-MS ion chromatogram obtained from an extract spiked with 200µgL-1 
of DMP, DEP, BBP, DBP, DPeP, DEHP and DOP. 
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3.2. Analytical performances 
Before the determination of these phthalates in the extract of sample, the analytical 
performances were studied. 
To evaluate the linearity of the method, a direct calibration was performed. Ten 
microliters of standard solution in acetonitrile with concentrations ranging from 20 
to 1000 µgL-1 was injected in triplicate. Relative areas (analyte peak area/IS peak 
area) were plotted versus the amount of analyte injected, expressed in µgL-1, and 
the background levels were subtracted from the results. The results obtained (Table 
2) show good correlation coefficients (r>0.9976) for all studied compounds.  
The standard addition method was applied over the same range of concentrations 
using an extract of the sample, obtaining good correlation coeffiients (r>0.9962) 
(Table 2).  
 
 
Table 2. Correlation coefficients and slopes for calibration a d addition graphs, LOD and 
LOQ values obtained from standard addition methods for phthalate determination in 
transparent film.  









DMP 0.9998 0.0097 0.9978 0.0146 4.9 16.4 
DEP 0.9996 0.0005 0.9988 0.0008 35.0 116.7 
BBP 0.9976 0.0074 0.9984 0.0094 1.6 5.3 
DBP 0.9985 0.0025 0.9939 0.0018 39.4 131.5 
DEHP 0.9993 0.0073 0.9991 0.0097 7.2 24.1 






To compare slopes of direct calibration and addition graphs for the six compounds, 
the t-test (95% confidence level) [32] was applied. Statistically significant 
differences were observed for all compounds studied. This means th t the sample 
matrix influences the sensitivity of the method; thus, standard addition graphs have 
been used to analyze these phthalates in these types of samples. 
The sensitivity of the method was determined by calculating the limit of detection 
(LOD) and the limit of quantitation (LOQ). The LOD and LOQ for the method 
were calculated using 11 measurements of a blank. This blank was obt ined 
following the extraction procedure proposed in the “sample preparation” section, 
but in this case without the addition of the sample. Limits of detection of the target 
compounds in the plastic wrapping film samples were calculated from the 
instrumental detection limit, taking into account the amount of sample used in the 
extraction procedure and the volume of organic phase. The values of LOD and 
LOQ obtained are shown in Table 2. The results obtained were between 1.6 and 
39.4 µgKg-1. The LODs obtained in this work were compared with values found in 
the literature. The LODs obtained for BBP, DEHP and DOP are low r than those 
obtained by Gätner et al. [30] (14, 95 and 21 µgKg-1, respectively) for phthalate 
determination in paperboard by GC-MS. On the other hand, Shen et al [27] 
obtained LOD of 10 µgKg-1 for DEP, DBP, DEHP and DOP determination in 
plastic products by GC-MS, being these LODs higher than those obtained in our 
work for DEHP and DOP (7.2 and 2.0 µgKg-1 respectively).  
The within-run precision was studied using a pool of different plastic wrapping 
film samples. The phthalates present in the sample were extracted using the method 
proposed in this work (described in the s ction 2.4) and then analyzed six times in 
the same run. Only four phthalates were present in the pool of samples used in this 
experiment and the relative standard deviations (RSD) were 2.5, 1.9, 2.1, and 2.4% 
for DEP, BBP, DBP and DEHP, respectively.  
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To check the intra- and interday precision assays were developed using a pool of 
plastic wrapping films samples. For the intraday study, six portions of a pool of 
transparent films samples were subjected to the extraction pr cedure described 
above and each extract was analysed in triplicate. The RSD (%) obtained were 9.3, 
10.5, 5.8 and 9.9% for DEP, BBP, DBP and DEHP, respectively. The interday 
assay was performed in the same way by subjecting 12 portions of plastic wrapping 
film pool sample to the extraction procedure in two different days. The RSD values 
were 12.2, 11.1, 6.7 and 9.8% for DEP, BBP, DBP and DEHP, respectively. The 
RSD values obtained in the intra- and interday assay indicate th  the method is 
precise for all phthalates present in the samples studied.  
The recovery of the method was calculated using a plastic wrapping film pool 
sample spiked with four different concentrations of these compounds (5, 40, 60 and 
100 µgL-1). The extraction procedures were performed in duplicate and analyzed in 
triplicate and the recovery calculated using the standard addition graphs. The 
average analytical recoveries were 92.3 ± 4.9, 100.4 ± 3.5, 104.6 ± 7.0, 103.8 ± 1.9, 
and 101.7 ± 1.3 and 100.5 ± 1.6% for DMP, DEP, BBP, DBP, DEHP and DOP, 
respectively. 
 
3.3. Application to plastic wrapping film samples 
The proposed analytical method was applied to the determination of these 
phthalates in five different plastic wrapping films samples. These five samples 
were of different brands.  
The extraction procedure was performed in duplicate to each sample and the 









Table 3: Concentration (µgg-1) ± standard deviation (n=6) found in different plastic 
wrapping film samples. 
Sample DMP DEP BBP DBP DEHP DOP 
A n.d. 2.1 0.08 6.1 9.6 n.d. 
B 0.03 1.9 0.12 34.8 7.2 n.d. 
C n.d. 1.07 0.07 7.8 5.9 n.d. 
D n.d. 0.4 0.06 6.6 2.9 n.d. 
E n.d. 0.2 0.02 2.1 0.84 n.d. 
n.d.: DMP < 0.0049 µgg-1; DOP < 0.002 µgg-1 
 
 
The concentration levels obtained varied from 0.02 to 34.85 µgg-1. DBP was the 
phthalate found in highest concentration, whereas DOP was not detecte  in he 
samples. DMP was only detected in sample B at very low concentratio ; 
nevertheless, the other four phthalates were detected in all samples studied. DBP 
and DEHP were the phthalates found in highest concentrations and shown imilar 
concentrations in the samples studied, except for sample B in which the level of 
DBP is higher than DEHP (34.85 µgg-1 of DBP and 7.25 µgg-1 of DEHP). The 








































Figure 5. HPLC-ESI-MS ion chromatogram obtained from sample D. 
 
 
The results obtained in this study confirm the presence of these phthalates in plastic 
wrapping film. The presence of these compounds in these types of films can 
produce contamination problems due to the migration of these compounds from the 
plastic film to the food which comes into contact with then. Higher lipid content 
food increase the migration of phthalates because they are lipid soluble and are not 
chemical bound to plastic. Therefore, the use of these typesof plastic wrapping 













A sensitive, precise and accurate method for the determination of DMP, DEP, 
BBP, DBP, DEHP and DOP in plastic wrapping film samples by solid-liquid 
extraction and HPLC-ESI-MS has been developed. Hexane and acetone were 
evaluated as extracting solvent for the solid-liquid extraction. Acetone was selected 
as the best extracting agent.  
The proposed analytical method was applied for the determination of these 
phthalates in five samples of plastic wrapping films. DOP was not detected in the 
samples studied. DMP was only detected in one sample; whereas, DEP, BBP, DBP 
and DEHP were detected in all the samples studied. DBP and DEHP were the 
phthalates found in the highest concentrations. The presence of these compounds in 
these types of films can produce contamination problems due to the migration of 
these compounds from the plastic film to the food which comes into conta t with 
then, increasing the human exposure to these compounds. The extract control of 
materials and processes used in the manufacture of these plastic films isessential to 
avoid the exposure to these toxic compounds.  
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1. Se profundizó en el conocimiento de la técnica cromatografía líquida acoplada a 
espectrometría de masas simple y en tándem y se aplicó al análisis de ftalatos en 
muestras líquidas y sólidas a nivel de trazas. 
 
2. Se desarrolló y validó un método que permite la determinación de DMP, EP, 
BBP y DBP en muestras acuosas mediante LC-MS sin necesidad de realizar un 
tratamiento previo de la muestra. El método se aplicó al análisis de muestras de 
suero salino y se detectaron ftalatos únicamente en las muestras contenidas en 
envases de plástico monodosis. 
 
3. Se adaptó el método anterior, que permite la determinación de DMP, DEP, BBP 
y DBP en muestras acuosas, a la técnica LC-MS/MS, consiguiendo LOD 
comprendidos entre 0.05 y 0.82 µgL-1, que permitieron detectar niveles de ftalatos 
más bajos en las muestras de suero salino. 
 
4. Se desarrolló y validó un método que permite la determinación de DMP, EP, 
BBP, DBP, DEHP y DOP en muestras de nutrición parenteral mediante LLE-LC-
MS. Los resultados mostraron que la presencia de vitaminas liposolubles en las 
muestras facilita la liberación de los ftalatos desde las bol as de infusión a las 
nutriciones. 
 
5. Se llevó a cabo un estudio de migración de ftalatos a partir de lentes de contacto 
blandas. Para el análisis de ftalatos se utilizó el método de determinación de LC-
MS/MS desarrollado con anterioridad y se aplicó también en el a álisis directo de 




confirmó la liberación de algunos ftalatos a partir de las lentes de contacto, siendo 
el DBP el que se liberó en mayor cantidad. Se detectaron algunos ftalatos en las 
soluciones de limpieza comercializadas en envases de plástico monodosis, mientras 
que no se detectó ningún ftalato en las soluciones contenidas en envases de plástico 
rígido o semi-rígido. 
 
6. Se desarrolló un procedimiento de extracción sólido-líquido para analizar se s 
ftalatos (DMP, DEP, BBP, DBP, DEHP y DOP) mediante LC-MS en muestras de 
film transparente utilizado en la conservación de alimentos. La extr cción se llevó 
a cabo sometiendo 0.5 g de muestra junto con 10 mL de acetona a ultrsonidos 
durante sólo 15 min. DEP, BBP, DBP y DEHP fueron detectados en las cinco 
muestras analizadas. El DMP solo se detectó en una de ellas, mientras que en 
ninguna de las muestras se detectó el DOP. 
 
 
A pesar de los ya conocidos efectos tóxicos que presentan los ftalatos en la salud 
humana, en esta Tesis se pone de manifiesto la presencia de algunos de ell s en 
distintos tipos de muestras. En todos los casos, los ftalatos analizados provienen de 
la liberación de los mismos desde diferentes plásticos (envas s monodosis, bolsas 
de infusión, lentes de contacto y films transparentes) donde desarrollan su función 
como plastificantes. 
Aunque existe un interés creciente en el estudio de tecnologías alternativas al uso 
de ftalatos para disminuir de esta forma la cantidad de los mismos en los materiales 
empleados en contacto con alimentos, y recurrir a plastificantes y polímeros 
biodegradables, todavía queda mucho por hacer para minimizar la presencia de 
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Chapter 2
ANALYTICAL METHODS FOR PHTHALATES
DETERMINATION IN BIOLOGICAL AND
ENVIRONMENTAL SAMPLES: A REVIEW
P. Bermejo Barrera, M. C. Barciela Alonso, C. Pérez Feas,
E. Peña Vázquez and P. Herbello Hermelo
Department of Analytical Chemistry, Nutrition and Bromatology, Faculty of Chemistry, 
University of Santiago de Compostela, Avenida das Ciencias, s/n. E-15782, Santiago de 
Compostela, Spain
This chapter summarizes and discusses  the analytical methods and techniques
described in the literature for phthalate determination in different matrix samples (water, 
soil, sediments, sludge, air and biological samples). Different sample treatments,
extraction and preconcentration steps, such as liquid-liquid extraction (LLE), solid phase 
extraction (SPE), solid phase microextraction (SPME), stir bar sportive extraction 
(SBSE) and solid/liquid extraction (SLE) have been evaluated. Separation techniques 
such as gas chromatography (GC) or high performance liquid chromatography (HPLC) 
coupled with different detectors have been compared in terms of detection limits and 
practical applications.
Keywords: Phthalates, sample preparation, liquid chromatography, gas chromatography
1. INTRODUCTION
Diester of phthalic acid, commonly referred to as phthalates (PAEs), are a group of
chemical compounds widely used in industry and commerce due to their large variety of uses. 
Due to the ability to improve softness and flexibility to plastics, they are used mainly as 
plasticizers in a wide variety of products including medical devices, children’s toys and all 
types of packaging. Furthermore, phthalates are also used as industrial solvents and
lubricants, as an additive in the textile industry and in pesticides, and also in personal care 
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products such as deodorants, lotions and perfumes, to retain colour and fragrance.[1, 2, 3, 4]
The main drawback of the use of PAEs is that they can migrate from the material to the 
environment and pollute water, soil, air and food-products. Furthermore, certain phthalate 
esters and/or their metabolites are suspected to be human carcinogenic agents and endocrine 
disruptors,[5] which make their trace determination of special importance. In particular,
dibutyl phthalate (DBP), butyl benzyl phthalate (BBP), and di-(2-ethylhexyl) phthalate 
(DEHP) are in the list of the proposed substances suspected of producing endocrine
alterations published by European Union (EU).[6]
Section 307 of US Clean Water Act establishes that dimethyl phthalates (DMP), diethyl 
phthalate (DEP), butyl benzyl phthalate, dibutyl  phthalate, di-(2-ethylhexyl) phthalate and 
dioctyl phthalate (DOP) must be considered priority toxic pollutants.[7] These concerns have 
been further aggravated by recent analysis of human blood and urine samples, where traces of 
various phthalates (or their metabolites) have been found.[8,9] For these reasons, the interest 
in the study of these types of chemical substances has increased during the last few years, and 
therefore it is essential to develop reliable and sensitive analytical methods to determine this 
group of compounds at trace levels. 
This review summarizes and discusses the analytical methods and techniques described 
in the literature for phthalate determination in different matrix samples (water, soil sediments, 
sludge, air and biological samples). Different sample treatments, extraction and
preconcentration steps, such as liquid-liquid extraction (LLE), solid phase extraction (SPE),
and solid phase microextraction (SPME) have been evaluated. Separation techniques such as 
gas chromatography (GC) or high performance liquid chromatography (HPLC) coupled with 
different detectors, such as UV detector, flame ionization detection (FID), electron capture 
detection (ECD) or mass spectrometry (MS) (all types of MS analyzes) have been compared 
in terms of detection limits and practical applications. 
The major problem in phthalate analysis is sample contamination, resulting in false
positive results or over-estimated concentrations. Due to the fact that phthalates are widely 
used, they are present in air, water, and organic solvents and plastic s; they are adsorbed onto
glass and other materials. Therefore, the risk of contamination is present in the whole 
analytical scheme, including sampling, sample preparation and analysis by chromatography.
The different cleaning methods proposed in the literature, for avoiding contamination from 
material used in the laboratory, have been reviewed in this work.
2. SAMPLE PREPARATION
In order to detect PAEs at sub ppm levels, a clean up/preconcentration step is necessary 
before instrumental analysis. Different methods have been developed with this purpose such 
as liquid-liquid extraction (LLE), liquid-phase microextraction (LPME), single drop
microextraction (SDME), solid phase extraction (SPE), solid phase microextraction (SPME), 
stir bar sorptive extraction (SBSE) and solid/liquid extraction (SLE). 
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2.1. Liquid-Liquid Extraction (LLE)
Various liquid-liquid extraction (LLE) approaches have been used for isolation of PAEs 
from aqueous samples. In these methods, the extraction is carried out in a funnel, mixing the 
sample with an organic solvent, such as, hexane, dichloromethane, cyclohexene or ether.
After the extraction, the organic phase is dried and concentrated to obtain higher sensitivity. 
Different LLE methods have been developed for PAEs and their metabolites
determination in different biological matrices.  Mortensen et al.[10] used a liquid extraction 
with a mixture of ethyl acetate and ciclohexane (95:5) for a quantitative determination of 
PAEs in human milk by LC-MS-MS. On the other hand, Sorensen[11] extracted these
compounds from milk and milk products using a mixture of tert-butyl methyl ether and 
hexane using the same determination technique.
An LLE method for DEHP in serum samples was used by Faouzi et al.[12] using a 
mixture of 2 ml acetonitrile and 2 ml sodium hydroxide (1N). The sample with the mixture 
acetonitrile:sodium hydroxide was shaken for 10 min using an alternating agitator and 
centrifuged at 3000 rpm. The clear supernatant was then injected into the chromatograph for
the analysis. 
DEHP has been extracted by Kambia et al.[13, 14] from total parenteral nutrition and 
fromplasma. In this case, the sample (1 ml) was treated with 1 M sodium hydroxide (1 ml) 
and hexane (2 ml). The mixture was vortexed (2 min), centrifuged (1620 x g for 5 min) and 
the separated organic layer (fraction 1) was transferred into a clean conical glass tube. The 
aqueous phase was extracted again with 2 ml of hexane and the mixture treated as above. The 
separated organic phase (fraction 2) was combined with the fraction 1 and the total organic 
phase was evaporated to dryness in a water bath at 40ºC under a nitrogen stream. The residue 
was dissolved in 100 μl of acetonitrile and 20 μl of this solution was injected in HPLC. These 
authors applied the same extraction procedure for the determination of DEHP in human 
plasma samples.[15] Recently, Ji-an Chen et al.[16] analyzed di-n-buthyl phthalate and other 
organic pollutants in Chongquing women undergoing parturition. The authors analyzed these 
compounds in venous blood, umbilical cord blood, breast milk and urine. For PAEs 
extraction from blood and milk, the samples were first treated with anhydrous sodium sulfate 
(until saturation). The resulting solution was extracted with 10 ml of hexane by vortexing for
30 min. The top organic layer was collected and the remaining sample was extracted again 
using the same procedure. The two extracts were combined and the solvent was evaporated
under nitrogen flow until 1 ml of solution remained. Each urine sample was extracted twice 
with 10 ml of hexanol/ethanol (8:1) in a separating funnel. The extracts were combined and 
the solvent evaporated as above.
Recently, Orsi et al.[17] used a simple and rapid method for the determination of PAEs 
presents in nail cosmetic s. The method is based on ultrasonic extraction of the sample with 
ethanol-water (90:10 v/v) followed by HPLC separation and UV detection. 
LLE procedures have some disadvantages such as, the use of high volumes of solvents. In 
addition, the process, generally, was off-line, and time consuming. LLE is limited due to the 
presence of trace levels of phthalates in commercially available solvents, even solvents for 
trace analysis. Therefore, accurate determinations below 0.1 μg l-1 are questionable with this 
method.
In recent years, studies have been carried out towards miniaturization of liquid-liquid
extraction procedures, reducing the amount of organic solvent
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Liquid-phase microextraction (LPME) is a new method for sample preparation, whereas 
only a few microliters of solvents are used to preconcentrate compounds from aqueous 
samples.[18] In this technique, a microdrop of organic, water immiscible solvent is suspended 
from a microsyringe needle, which is then immersed in a stirred aqueous sample solution for 
a specified period of time.[19, 20, 21, 22, 23] After equilibrium, the microdrop of organic 
solvent loaded with the analyte is determined. This method has been termed single-drop
microextraction (SDME). It can be performed in different modes, including: static liquid-
phase microextraction (S-LPME), dynamic liquid-phase microextraction (D-LPME),
continuous-flow liquid-phase microextraction (CF-LPME), solvent bar liquid-phase
microextraction (SB-LPME) and headspace liquid-phase microextraction (HS-LPME).[24]
The advantages of this technique are: the simplicity, low cost, ease of operation, rapid, small 
volume of organic extractants, and minimal exposure to toxic organic solvents, being 
environmental friendly.
Recently, Farahani et al.[25] developed a method for phthalate determination in water
samples using a liquid-phase microextration (LPME) prior to the analysis by gas
chromatography. In the method proposed by these authors 10.0 ml of aqueous sample was 
transferred into an 11.0 ml vial. Then, 10.0 μl of 1-dodecanol were delivered to the solution 
surface using a microsyringe. The vial was sealed and then the magnetic stirrer was turned on.
Under the proper stirring conditions, the suspended microdrop remains in the top-center
position of the aqueous sample. The microdrop movement was affected by the flow field,
which favores the promotion of the mass transfer inside the microdrop.[26] After the desired 
extraction time, the sample vial was transferred into an ice beaker and the organic solvent was 
solidified after 4 min. Then, the solidified solvent was transferred into a conical vial and 
melted immediately. Finally, 1.00 μl of the extractant was injected into the gas
chromatograph.
In some cases, S-LPME can present certain disadvantages (depending on the organic 
solvent and the volume on the organic drop, usually no more than 5 μl) such as instability of 
microdrop, relatively low reproducibility and sensitivity. Thus, to avoid these problems, 
Jinrong Yao et al.[24] proposed a modified S-LPME method, for phthalate determinations in 
landfill leachates. The most attractive feature of this method is the use of a polychloropropene 
rubber tube (PGR tube) instead of a microsyringe to load the organic solvent. The PGR tube 
and the sample vial were placed horizontally, so the selection of the organic solvent was not 
affected by the density of the extractant. The authors used this method for DMP, DEP and 
DnBP determination in landfill leachates by liquid chromatography, obtaining good precision 
and recovery.
A fast and simple method, using HF-SDME, has been developed by R. Batlle et al.[27],
to facilitate the identification and quantification of seven dialkil phthalate esters (Diethylhexil 
phthalate (DEHP), dibutyl phthalate (DBP), diisobutyl phthalate (DiBP), dimethyl phthalate 
(DMP), diisopropyl phthalate (DiPP) and diethyl phthalate (DEP)) in three aqueous food 
simulants (distilled water (A), 3% (w/v) acetic acid/water (B) and 15% (v/v) ethanol/water 
(C)). In this study, better results have been obtained using 7:3:0.5
Dichloromethane:hexane:toluene for food simulants A and C, and 1:9:0.5 Dichloromethane:
hexane:toluene for food simulant B as extractant solvent. The method has been shown to be 
highly practical because of its high reproducibility, convenient dynamic range and detection 
limits. Therefore, this methodology reduces the amount of solvent necessary for the whole
procedure (5 μl), thus eliminating the need for additional cleaning or concentration steps. The
same technique was used by Pisillakis et al.[28], for PAES determination from water, using 
toluene as extraction solvent.
Recently, Pie Liang et al.[29] developed the fist method for PAEs determination using 
continuous-flow microextraction (CFME) combined with liquid chromatography with
variable-wavelength detector (VWD). The CFME procedure consists of four steps: (1) The 
sample solution is continuously pumped and vertically upward at a constant flow rate into the 
bulb glass extraction chamber (~ 0.2 ml) via the connecting PTFE tube; (2) After the chamber 
has been filled with the sample solution, the required volume of organic solvent ( 3.0 μl of 
tetrachloromethane) is introduced into the extraction chamber by the microsyringe, and forms 
a drop at the tip of the microsyringe and remains above the PTFE tube outlet in the extraction 
chamber; (3) As the solvent drop is immersed into the sample solution, the analytes are 
extracted into the solvent drop from the sample when the sample is continuously ejected from 
the PTFE tube into the chamber (flow rate 0.4 mL min-1); (4) After extracting for a prescribed 
period of time, the solv ent drop is retracted into the microsyringe, and the microsyringe is 
removed from the chamber. Then, the needle tip is cleaned carefully with a tissue to remove 
possible water contamination, and the extraction solvent with the extracted analyte is injected
into the LC system for analysis. The enrichment factors of this method for DMP, DEP and 
DnBP reached at most 27, 44 and 20 respectively.
2.2. Solid Phase Extraction (SPE)
SPE appears to be a more suitable technique for PAEs extraction and preconcentration
from water or aqueous samples. The advantage of this technique, with respect LLE is that it
requires a minimal use of solvents, thus reducing health risk and sample contamination, 
permiting the simultaneous extraction of multiple samples. Moreover, a large concentration 
factor can be obtained without solvent concentration, avoiding the concentration of
concomitants present in the organic solvent. 
SPE is carried out using different sorbents. The most widely used sorbents to extract
PAEs from water, urine sample, wine etc., are silica polymers such as silica-based C18 and 
C8.[30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41] Other sorbents used are organic polymers 
such as polyestirene[42], crosslinked polystyrene-divinylbencene (PS-DVB) or hydroxilated 
PS-DVB[43,44,45], styrenedivinyl polimer (PS-2), octadesyl-coated styrenedivinylbenzene 
polymer (SDB-XD)[33] and Stirene-divinylbenzene methacrylate copolymer.[46, 47, 48] The
authors justified the use of these organic polymers because the loading properties of organic 
carbon are superior to those of silica-based adsorbents. Another alternative proposed by Ya-
Qi Cal et al.[49] is the use of polytetrafluoroethylene (PTFE) as sorbent in SPE. The use of 
this compound as a sorbent is based on the the fact that PTFE shows a very strong
hydrophobic property and that PTFE experimental containers can readily adsorb neutral 
hydrophobic compounds in their surfaces.[50, 51]  In this way, the authors studied the 
potential of PTFE turnings as the matrix  for SPE of trace phthalate esters from aqueous 
samples. By driving the aqueous sample solution to pass through a PTFE turnings in the 
column, the analytes were retained on the PTFE turnings packed column. The retained 
analytes were then eluted with acetonitrile, followed by the HPLC-UV analysis. The method 
proposed presents acceptable recovery results (92.1-127.5%) for the five phthalates studied 
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(DBP, DCHP, DOP, DNP and DDP). The use of PTFE turnings as SPE sorbent, presents 
clear advantages such as durability and easy of availability.
Another SPE sorbent used by Ya-Qi Cai et al.[52] is the Multi-walled carbon nanotubes 
(MWNTs). MWNTs possess many unique electronic, mechanical and chemical properties, 
high surface area, and excellent strength, being very appealing for a great number of
important applications.[52] The authors demonstrated for the first time that MWNTs can be 
used as effective adsorbent for SPE of four phthalates (DEP, di-n-propyl-phthalate, di-iso-
butyl-phthalate and di-cyclohexyl-phthalate) from aqueous samples. Moreover, the authors 
compared the analytical performance of this method with others using commercial SPE 
adsorbents such as C18, C8 and PS-DVB. The results showed that multi-walled nanotubes
were more effective than, or as effective, as these adsorbents for the SPE of these four 
analytes.
An alternative method was proposed by Yoshihiro Saito et al.[53] using a miniaturized 
solid-phase extraction coupled with HPLC-UV.  In this case, the authors used a fiber-in-tube
capillary for SPE. Fiber-in-tube capillary was prepared by packing Zylon® filaments (11.5 
μm i.d. x 100 mm) into a poly(ether ether ketone) (PEEK) tube of 0.25 mm i.d. x 100 mm. 
These filaments were longitudinally packed into the tube, and the total number of packed 
filaments was about 330. With this method the authors obtained limits of quantification for 
DBP and DEHP in wastewater lower than 0.5 ng ml-1.
A sensitive and selective column adsorption method was proposed by Hatsumata et 
al.[54] for the off-line preconcentration and determination of PAEs (BBP, DBP, DCHP). The 
PAEs were preconcentrated on Saccharomyces cerevisiae immobilized on silica gel and then 
determined by HPLC. With the proposed method the preconcentration step takes about 30 
min for 50 ml of aqueous sample. The maximum preconcentraction factor was 40 for BBP 
and DBP, and 80 for DCHP. The recovery of spiked PAEs in a river water sample was in a 
range 98-101%.
Recently, micelle-like surfactant aggregates adsorbed on solid materials (namely hemi-
micelle or admicelle) in SPE have been studied as a good alternative for the preconcentration 
of a variety of organic pollutants. The sorbents used in SPE are produced by adsorbing ionic 
surfactants (such as sodium dodecylsulfate or cetyltrimethylammonium bromide) on the metal 
oxides (such as alumina or silica). The use of this technique in SPE has many advantages, 
such as high extraction efficiency, high breakthrough volume, easy elution of analytes and 
high flow rate for sample loading; furthermore, this technique requires no clean-up  steps and 
the adsorbents are easy to regenerate.[55] In this way, Tohru Saitoh et al.[56] studied the 
Aerosol-OT-?-alumina admicelles for the concentration of hydrophobic organic compounds 
in water (including phthalates). The AOT-?-alumina admicelles were successfully prepared 
by mixing ?-alumina and di-2-ethylhexylsodium sulfosuccinate (AOT) in a weakly acid 
aqueous solution. The large sample loading capacity of the AOT- ?-alumina admicelles 
enables highly an efficient concentration of trace analytes. The authors obtained a
concentration factor for different compounds, including DEP, DBP and DEHP, of 500 fold. 
F.J. López-Jiménez et al.[57] used sodium dodecyl sulfate (SDS)-alumina hemimicelles 
for the preconcentration of BBP, DBP and DEHP in environmental water samples. The
authors used cartridge columns filled with 500 mg of alumina. These cartridges were
conditioned with 10 mL of a nitric acid solution (pH 2). Then, hemimicelles were formed on 
the alumina by passing a 25 mL 0.01 M nitric acid solution containing 40 mg of SDS.
Recoveries of PAEs above 95% were obtained for all samples studied (raw and treated 
sewage samples) and a preconcentration factor of 500 can be easily achieved by SPE of 1 L 
of sample and elution with 2 mL of methanol.
Last year, Jidon Li et al.55 analyzed five phathalates by HPLC-UV after preconcentration
by SPE using ionic liquid mixed hemimicelles. The authors evaluated mixed hemimicelles
prepared by adsorbing 1-Hexyl-3-methyllimidazolium bromide ([C6 min] Br) and 1-Dodecyl-
3-methyllimidazolium bromide ([C12 min] Br) on silica surface on the phthalate
concentrations. In this case, ([C12 min] Br)-coated silica as adsorbents was selected for the 
preconcentration step due to the higher capacity for the analytes and the preconcentration
factor obtained was 600 folds.
Table 1, summarizes the applications and different conditions of SPE for phthalates 
determination preconcentration.
2.3. Solid-Phase Microextraction (SPME)
Solid-phase microextraction (SPME) in sample preparation became very popular in the 
late 1990s.[58] In this extraction technique, a fused silica fiber coated with a thin layer of 
polymer phase is immersed in the aqueous sample, while the sample is stirred. After a certain 
amount of time (range from minutes to hours) the coated fiber is retracted and transferred in a 
holder to the GC and desorbed in a hot inlet. The adsorbed compounds are desorbed and 
injected into the chromatographic column for the analysis. The SPME procedure (sampling, 
extraction concentration and sample introduction in one step) significantly reduces the risk of 
contamination and simplifies the overall analytical process. Several studies employing direct 
SPME for extraction of phthalates from water have been published. These methods used 
different fibers such as polyacrilate[59, 60], carbowax[61], carbowax-divinilbencene (CW-
DVB)[62, 63, 64], polyaniline (PANI)[65], polydimethylsiloxane (PDMS)[66,64] or
polydimethylsiloxane-divinilbencene (PDMS-DVB).[67, 68, 69, 63, 64] SPME has a great 
number of applications in water samples, but in recent years other applications have appeared
in complex matrices, such as, vegetable oil or milk samples. For example, Holadová et al.[70]
used a headspace-solid-phase microextraction for PAEs determination in vegetable oil. The 
authors compared the results obtained using different SPME fibers (silica fibers coated with 
Polydimethylsiloxane (PDMS), poliacrylate, carboxen/polidimethylsiloxane and
polydimethylsiloxane-divinilbencene) and different matrix modifiers (hexane, methanol,
acetonitrile, dimethylformamide, and water). The results show ed that, employing PDMS 100 
together with methanol as the matrix modifier, headspace SPME phthalate determination in 
vegetable oil samples is possible. Some applications and the experimental conditions, using 
SPME are summarized in the Table 2.
The main drawbacks with SPME are that extraction fibers are expensive and have a 
limited life[71]; sample carry-over between extractions has been reporter for some
analytes[72] and for limited types of SPME fibers commercially available.
A modification of the SPME technique is in-tube SPME. This is a microextraction and 
preconcentration technique using an open tubular fused-silica capillary with an inner surface 
coating as the SPME device. The advantage of this technique is that it can be coupled on-line
with HPLC, allowing complete automation, shortening analysis time and improving accuracy 
and precision. Mitami et al.[73] developed a method for the determination of nine phthalates 
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in infusion solutions in plastic containers using in-tube SPME-HPLC with limits of detection 
in the range of 1-10 ng/ml. In this case, the analytes were extracted from the sample directly 
into an open-tubular capillary (a Supel-Q Plot capillary column (60 cm x 0.32-mm i.d., 12 
μm) by 20 repeated draw/eject cycles of 40 μl of sample solution. The extracted compounds 
were desorbed using a mobile phase flow (acetonitrile:water). The in-tube SPME method has
shown a sensitivity 18-125 times higher than the direct injection method. Cháfer-Pericás et 
al.[74] used the same technique for DBP and DEHP determination in environmental samples. 
In this case, the TRB-5 coated capillary was used as an in-tube SPME device and the number 
of cycles to carry out the extraction was fixed at 7 using 50 μl of sample. The limits of 
detection obtained were 1 and 2.5 μgl-1 for DBP and DEHP, respectively.
2.4. Stir Bar Sorptive Extraction
Stir bar sorptive extraction (SBSE) was first introduced by Baltussen et al. in 1999  and 
based on the same principles of SPME.[75] The authors used polydimethylsiloxane (PDMS) 
(50-300 μl), coated in a stir bar, to preconcentrate different analytes. The amount of PDMS 
coated in the stir bar is considerably higher than in SPME fiber; thus, the results showed high 
recoveries, better sensitivity and higher capacity. In the first works using this technique, once 
the extraction step was over, the stir bar was dried and the analytes thermally desorbed in a 
desorption unit, usually installed in a gas chromatograph. In this way, Prieto et al.[76] used 
SBSE for simultaneous preconcentration of a wide variety of organic pollutants (including 
DMP, DEP, DBP, BBP, DEHP and DOP) from water samples, obtaining, good sensitivity 
and recovery. Tan et al.[77] used the same technique for trace analysis of selected endocrine 
disruptors (including DEP, DBP, BBP, DEHP) in water, biosolid and sludge samples. The 
method has many practical advantages such as small sample volume (10 ml aqueous or <1g 
sludge sample) and simplicity of extraction. 
An alternative to SBSE with thermal desorption (TD), is liquid desorption (LD). In this 
case, the analytes are desorbed using a small amount of organic solvent. LD can also be 
combined with GC and a large volume injection (LVI) when a thermal unit is not available. In 
this way, Serôdio et al.[78] developed a method for endocrine disrupter chemicals
determination (including BBP and octylphthalate) in water using SBSE-LD in combination 
with LVI and GC coupled to mass spectrometry. In this case, the extraction procedure was 
performed for 60 min with a stirring speed of 750 rpm at room temperature (20ºC). After 
sampling the stir bars were removed with a clean tweezers dried with a lint-free tissue and 
placed into a 2 ml glass vial filled with 100 μl of acetonitrile ensuring the total immersion. 
Solvent back extraction was performed using ultrasonic treatment for 15 min at a constant 
temperature (25ºC). Afterward, the stir bars were removed; the acetonitrile extract was 
evaporated under gently purified nitrogen and after redissolved in 80 μl of ethyl acetate. The 
method described presents an excellent linear dynamic range for almost all endocrine
disrupters chemicals from waters samples at ultra-trace level (0.025-0.400 μgl-1). Later, the 
same authors  studied a method for phthalates (DMP, DEP, DBP, BBP, DEHP, BOP) 
determination in drinking water, using the same technique.[79] The only difference is that in 
this case, methanol was used as a back extraction solvent. With the proposed method, low 
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Table 2. SPME Methods for the phthalate analysis














3.5 mL of sample (pH 6). 
Extraction time 30 min at 
80ºC.
GC-MS 59
Water DMP, DEP, 
DnBP, BBP, 
DEHP, DOP
PDMS, PA 3 mL of water. Extraction 
during 20 min. Desorption 
during 5 min at 250ºC.. 
GC/ECD 60
Water DBP, DEHP Carbowax 4 mL of sample. 
Extraction time 15 h 
(stirring at 1000 rpm). 













5 mL of sample. 
Extraction time 45 min at 
22ºC. The desorption time 
was 5 min at 270ºC
GC-MS 62










Five grams of cow milk 
weighed into a 15 mL 
SPME vial. A magnetic 
stirring bar and 2.5 g of 
sodium chloride were 
added into the vial. 
Extraction time 2 min at 
90ºC. The extraction time 










Extraction time 30 min at 
room temperature (stirring 
at 1200 rpm). Desorbed 
into the mass 







Water DMP, DEP, 
DAP, DBP, 
DOP
Polyaniline (PANI) 10 mL of sample. The 
solution was continuosly 
stirred during 20 min at 
30ºC. The desorption 
temperature were 280ºC 
during 3 min.
GC-FID 65
Water DEP, BBP, 
DOP




Desorption time:1 -5 min
GC-MS 66




PDMS-DVB, PA and 
CAR-PDMS
10 mL of sample. 
Extraction time 80 min. 





DEP PDMS/DVB, CW/TRP 
(carbowax/templated
resin)
The extraction time was 
15 min.  desorption with 
500 μl of the mobile 
phase (ecetonitrile:water 
52.5:47.5) or acetonitrile 
HPLC-UV 69
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Table 2. (Continued)







PDMS Oil sample modified with 
1 mL methanol. The 
sample was incubated 60 
min at 40ºC. The 













100 μL of sample (. Flow 
rate for the extraction 
procedure 300 μl min -1
(30 extraction cicles).
Desoprtion with 100 μl of 
mobile-phase
HPLC-UV 74
Another application of SBSE with LD for phthalate determination was proposed by L. 
Brossa et al..[80] The authors studied the extraction procedure for DEP, DNBP, DEHP BBP, 
DnOP determination by GC-MS. The extraction procedure was carried out with 10 ml of 
aqueous sample (containing the analytes), 20 g l-1 of NaCl and 10% methanol. The stir bar 
was immersed in the vial containing the aqueous sample for 30 min at 50ºC and 1200 rpm. 
Then, the stir bar was removed and dried. The analytes were desorbed by placing the stir bar 
in a vial containing 0.5 ml of isooctane in the stirrer unit (1000 rpm) for 30 min at room 
temperature. The limits of detection obtained were between 0.02-5 μgl-1.
2.5. Solid/Liquid Extraction
The analysis of PAEs in solid samples is more complex than in liquid samples due to the 
difficulty to extract the compounds from the solid matrix. The technique commonly used for 
PAEs extraction from solid samples is the Soxhlet extraction. Different authors have been 
reported in the literature about PAEs extraction from solid samples using this
technique.[81,82,83,84] Different solvents have been used such as ethyl acetate, for the PAEs 
extraction from packaging films[84],  n-hexane or acetone/n-hexane from soil[85,] methanol 
from plant matter[85], n-hexane/methyl ethyl or cetone/methanol from sludge[86],
dichlorometane from dump[87] and sludges[88], acetone/hexane (1:1) from soil and
biosolids[83] and hexane/dichloromethane from soil[ 89]. The methods reported in the
literature using this technique present a good recovery, but, the main problem from Soxhlet 
extraction is the time needed (as higher as 10 h) for total extraction.
A modification of the Soxhlet extraction is the system used by Sablayrolles et al.[90].
These authors used a Soxtec System HT2 (Tecator, France) for PAEs extraction from sludge 
and vegetables. This is a semi-automated apparatus working on the Soxhlet principle, while 
allowing extractions which are faster, more economical (better solvent recuperation) and safer
(dissociation of the extraction and heating units). The solvent used in this case for the
extraction procedure was hexane. 
Another alternative for the solid/liquid extraction is the ultrasonic extraction. This
technique has been applied to PAEs extraction in different matrices such as suspended matter, 
soil and liver samples using different solvents such as acetone, acetone-petroleum ether (1:1 
v/v), methanol and a mixture of  acetonitrile phosphoric acid and sodium chloride.[44, 91, 92,
P. Bermejo Barrera, M. C. Barciela Alonso, C. Pérez Feas et al.14
93, 94] The advantage of this technique compared with Soxhlet extraction is the time 
required. In this case, the extraction can be performed in times less than 1 h (usually 10-15
min). However, for some PAEs in soils this method is less effective than Soxhlet extraction, 
obtaining bad recoveries.[92]
Microwave assisted extraction (MAE) has been applied to the extraction of PAEs from 
solid samples such as atmospheric particle matter or sediments. MAE consists of heating the 
sample with the extracting solvent inside the extraction vessel with microwave energy. This 
technique presents advantages compared with the traditional techniques, such as being less 
time consuming, using lower volume of organic solvent, offering automated temperature
control and capability of processing different samples in the same time. In this way, E. 
Cortazar et al.[95] developed a method for DEHP determination in sediment samples using 
this technique. In this case, the authors used 100% methanol as extracting solvent and the 
extraction procedure was carried out at 159 kPa for 15 min. L. Bartolomé et al.[96] developed 
a method for PAEs extraction from sediments using acetone as an extracting solvent using a 
pressure of 145 kPa during 15 min. O. Alvarez-Avilés et al.[97] determined DEP and BBP in 
atmospheric particulate matter using MAE-SBSE-TD-GC-MS. The optimized conditions for 
MAE were 20 ml of acetone at 80ºC for 10 min. 
3. SEPARATION TECHNIQUES
Gas chromatography and liquid chromatography are the techniques usually used for 
PAEs separation in different matrices, such as environmental samples or biological samples. 
3.1. Gas Chromatography
The analysis of phathalic acid esters (PAEs) is mostly performed by gas chromatography 
(GC). Generally, GC methods present better sensibility than HPLC methods, although this
depends on the pre-treatment step, the instrumental conditions and the sample matrix [6].
Phthalates can be detected using electron capture detection (ECD)[60, 70], flame ionization 
detection (FID)[36 ,65, 87, 98, 99] or mass spectrometry (MS). Some official methods (US 
EPA methods 606 and 8060) describe the use of ECD as a detector for phthalate
determination. Although ECD detectors are relatively sensitive for phthalates, the specificity 
is restricted. The most recommended detector for phthalate analysis is mass spectrometry
detection. All types of MS analyzers, including quadrupole analysers, triple quadrupole 
analyzers, ion traps and magnetic sector instruments have been used for phthalates
determination.[100, 101, 102, 103, 104]
The chromatographic separation was usually performed using capillary columns coated 
with phenyl methylpolisiloxane or dimethylpolysiloxane as stationary phase. The separations 
were carried out using different temperature programmes, usually varying the oven
temperature from 50ºC to 300ºC. Some applications for PAEs determination using GC 
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Table 4. HPLC-UV  methods for PAEs determination
Sample Analyte Analytical column Mobile phase Detector Limit of 
detection
Ref




C18 (150 mmx 4.6 




water starting from 









DEHP Waters Spherisorb 
C18 column (150 







adjusted to pH 2.8 
with 1 M phosphoric 
acid) mixture (88:12, 










DEHP Waters Spherisorb 
C18 column (150 







adjusted to pH 2.8 
with 1 M phosp horic
acid) mixture (88:12, 









DEHP Waters Spherisorb 
C18 column (150 







adjusted to pH 2.8 
with 1 M phosphoric 
acid) mixture (88:12, 















water (80:20 v/v). 









Water DMP, DEP, 
DnBP
Zorbax SB C8 (150 




water (75:25 v/v)at 
flow rate of 0.8 mL 





2.0, 1.0 5.0 
ngmL-1
29




C8 (150 mmx 4.6 


























Wastewater DBP, DEHP Inertsil ODS 2 
column (4.6 mm i.d. 
x 250 mm, 5 μm 
particle size) and 
Speriorex ODS (1.0 




Flow rate: 0.5 and 
50μl min -1 for 
colums of 4.6 and 







= 0.1 and 0.5 
ng/mL
53
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Table 4. (Continued)
Sample Analyte Analytical column Mobile phase Detector Limit of 
detection
Ref
River water BBP, DBP, 
DCP
MIGHTYSIL RP -18



























DEP ChromCart colum 
(250 x 3.0 mm i.d.) 
packedwith
Nucleosil C18-50 dp 




(52.5:47.5) at flow 















Hypersil ODS (150 






starting from 65 to 
75% at 1.5 mL/min 
for 5 min run, from 
75% to 95% at 1.5-
2.0 mL/min for a 5 
min run, and held 
95% at 2.0 mL/min 







DBP, DEHP A Genesis C18 (5 




water in gradient 
elution mode at flow 
rate of 1 mL min -1.
The elution program 
was initiated with
40% of water and it 
was maintained 
constant for 1 min. 
At 5 min the content 
of acetonitrile was 
100%, it was 
maintained constant 





1 and 2.5 μg L-1 74
Liver samples MEHP, DEHP Altima C18 column 
(150 mmx 4.6 mm 
i.d. 5 μm particle 
diameter)
A gradient elution 
range of 60% to 
100% acetonitrile 
with a gradient time 
of 5 min at a flow 
rate of 1 mL min -1,
then increased to 
2mL min for 3 min 
while keeping the
final solvent 
composition at 100 
% acetonitrile. pH 3 






0.57, 1.37 μg 
mL-1.
93
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Table 4. (Continued)
























The mobile phase 
was a no linear 
gradient prepared 
from methanol 
(component A) and 
water (component 
B). From 50% to 










DEHP Shodex C18-5A (150








Table 5. HPLC-MS or MS-MS methods for PAEs determination
Sample Analyte Analytical
column









(3μm, 150 mm 
x 4.6 mm i.d.)
Non linear solvent 
gradient. Mobil phase A: 
10 % acetonitrile 
containing 1.0 % (v/v) 
acetic acid. Mobil phase 
B: 90% acetonitrile 
containing 1.0 % (v/v) 
acetic acid. Flow rate 1 








(2.1 x 50 mm 
i.d., particle 
size 5 μm)
Non linear solvent 
gradient. Mobil phase A: 
0.1 % (v/v) acetic acid 





Urine MBP, MBzP, 
MEHP
Inertsil ODS-3
(2.1 x 50 mm 
i.d., particle 
size 5 μm)
Non linear solvent 
gradient. Mobil phase A: 
0.1 % (v/v) acetic acid 




product ion: m/z, 
221? 71 for 
MBP, 255? 183











100 mm x 2 
mm)
Non linear  solvent 
gradient from 100 % 
mobile phase A (0.1% 
acetic acid in water) to 
100 % mobile phase B 
(0.1% acetic acid in 
acetonitrile)
ESI-MS-MS. ESI 











Luna C5 100A 
column (5 μm, 
50 mm x 2.0 
mm i.d.)
Isocratic mode. Mobile 
phase: 2.0 % v/v water 
in methanol/ acetonitrile 
(1+1)
ESI-MS-MS. 9, 4, 6, 5, 
5 μg/kg
11
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Table 5. (Continued)








RP-18 (250 x 4 
mm and 5 μm 
particle size)
Non linear solvent 
gradient. Mobil 
phase A: 50% 
methanol/50%
ecetonitrile. Mobil 
phase B: water. 
Both with 0.5 % of 
acetic acid. 
APCI-MS. ESI in 
positive ion mode.
m/z values: 149.








Gemini C18 (150 
mm x 4.6 mm i.d., 
5 μm particle size)
Non linear solvent 
gradient. Mobil 
phase A: 1.0 % 
(v/v) acetic acid 
aqueous solution. 
Mobil phase B: 
acetonitrile.
APCI (or) ESI-MS.
m/z values: 149 for 
all phthalates 
except DMP, 199, 











(5 mm x 2.1 mm, 
25 μm particle 
size)
Acetonitrile/water
(90/10 v/v) at a 




product ion: m/z, 









column (3μm, 100 
mm x 2.1 mm)
Non linear solvent 
gradient. Mobil 
phase A: water 
Mobil phase B: 
acetonitrile. Both 









column (3μm, 150 
mm x 2.1 mm)
Non linear solvent 
gradient. Mobil 
phase A: water 
containing 0.1 % 
(v/v) acetic acid. 
Mobil phase B: 
acetonitrile














column (3μm, 100 
mm x 2 mm)
Non linear  solvent 
gradient from 100 
% mobile phase A 
(0.1% acetic acid in 
water) to 100 % 
mobile phase B 
(0.1% acetic acid in 
acetonitrile)
ESI-MS-MS. ESI 
in negative ion 











ENV (5μm, 150 
mm x 5mm)
Non linear solvent 
gradient. Mobil 
phase A: water 
containing 0.5 % 
(v/v) acetic acid. 
Mobil phase B: 
acetonitrile
containing 0.5 % 
(v/v) acetic acid. 
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Table 5. (Continued)









Hypersil C18 (150 





gradient mode: (1) 
40-90% of 
methanol in 25 




values: 313 for 
BBP, 279 for DBP 













DBP, DEHP Supelcosil LC-8
column of 25 cm x 
1.0 mmi.d., 5 μm 
particle size.
Methanol (0.1 % 
acetic acid) at 0.1 
ml/min
ESI-MS. Target 
ions: 279 (+), 391 









Kromasil 100 C18 
(5μm, 25 mm x 
0.46 mm)
Non linear solvent 
gradient. Mobil 
phase A: water 




m/z values: 163 for 
DMP, 177 for 
DEP, 313 for BBP, 
279 and 205 for 
DBP and 391 and 












column (5μm, 50 
mm x 3 mm)
Linear gradient 
from 100% buffer 
A (6 mM aqueous 
ammonium acetate 
pH 6.5) to 100% 
buffer B (90% 
acetonitrile in 6 
mM aqueous 
ammonium acetate, 













column (5μm, 50 
mm x 2mm)
Non linear solvent 
gradient. Mobil 
phase A: water 
containing 0.1 % 
(v/v) acetic acid. 
Mobil phase B: 
acetonitrile
containing 0.1 % 
(v/v) acetic acid. 










x 100 mm, 3 μm)
Acetonitrile/water




product ion: m/z, 
277? 134 for 
MEHP, 391? 149
for DEHP.
5 and 14 
ng/ml.
112





(3μm, 150 mm x 
4.6mm)
Non linear solvent 
gradient. Mobil 
phase water: Water 
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Table 5. (Continued)









5C18HC (250 x 3.2 
mm)
Non linear solvent 
gradient. Mobil 
phase A: 0.05 M 
ammonium acetate 
containing 0.1 % 
(v/v) acetic acid. 
Mobil phase B: 
methanol








High-performance liquid chromatography (HPLC) can be used as an alternative
technique and is especially useful for analysis of isomeric mixtures and metabolites of 
phthalates without derivatisation.[47] Ultraviolet detection has been used for phthalate 
determination in environmental and biological samples [8, 42, 49, 52, 55, 56, 61, 69, 93,
105,73], but the use of  mass spectrometry has increased in recent years, operating with single 
spectrometer[35, 37, 38, 48, 57, 106, 107, 108, 109, 110] or using mass spectrometer in 
tandem[3, 9,  110, 40, 41, 46, 47, 111, 112] with applications in different matrix samples 
(sludge, urban wastewater, urine, milk and drugs).  Although GC-MS offered higher
sensitivity for phthalate determination than LC-MS, LC-MS approach offered some
advantages compared with GC-MS, such as, higher selectivity, more reliable quantification of 
PAEs isomeric mixtures, simpler cleanup procedures and shorter analysis time.[100]
Separation of phthalates using liquid chromatography is usually performed in reverse
phase using C18 or C8 columns, but some applications appear in the literature using other 
columns such as phenyl columns.[10, 105, 113] Tables 4 and 5 summarized different methods 
for PAEs determination in different matrices using HPLC as a separation technique coupled 
with different detectors. The separation conditions, including type of column, mobile phase, 
flow rate etc., as well as the detectors used and the limits of detection obtained, are also listed 
in the tables.
3.3. Capillary Electrophoresis
Capillary electrophoresis (CE) is a separation technique that provides several advantages 
such as speed, high efficiency and high sensitivity. Although, this technique is not usually 
used for PAEs determination, in recent years some authors have developed methods for PAEs 
determination in sediments and urine using this technique. Bao-Yuan Guo et al.[89]
developed a method for DMP, DEP, DBP, DEHP and DOP from sediments using micellar
electrokinetic chromatography (MEKC). The limits of detection obtained were within in a 
range of 0.050-0.063 mg/kg. The phthalates contents determined by MEKC were
comparables to those obtained by CG.FID. In 2008, Yong-Lai Feng et al.[114] developed a 
method for MMP, MEP, MBP, MEHP and MEHHP in urine samples, using capillary zone 
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electrophoresis (CZE) coupled with mass spectrometry. The limits of detection obtained were 
within a range of 0.53-1.3 ngl-1.
4. CONTAMINATION PROBLEMS
The major problem in phthalate analysis is contamination, resulting in false positive 
results or over-estimated concentrations. The risk of contamination is present in the whole
analytical scheme, including sampling, sample preparation and chromatography analysis. Due 
to the fact that phthalates are widely used, they are present in the air, water, organic solvents,
plastic and adsorbed onto glass or other materials.[115]
A recent study carried out by Ried et al.[116] shows significant quantities of phthalates 
from various components commonly found in the environment of the analytical laboratory. 
Consequently, plastic syringes, pipette tips, plastic filters and all type of plastic material must 
be avoided, and glass material must be used instead. Once plastic materials containing 
phthalates are avoided, the main sources of contamination are phthalates present as vapors or 
part of the particle matter in air, contaminating all surfaces, particularly glassware, plastic
objects and our skin.[117]
Due to the fact that the sources of contamination can vary from one laboratory to another 
and depend on factors such as season, weather and ventilation of the laboratory[117], general
recommendation for avoiding contamination are not possible. Franhauser-Noti et al.[117]
studied the blank problems in trace analysis of DEHP and DBP by gas chromatography-mass
spectrometry. These authors applied a test to identify the sources of system contamination in 
a systematic manner and described a list of measures to reduce phthalates contamination. The
major improvement was obtaining by adding aluminium oxide into the solvents the
reservoirs. Another critical factor is the quality of caps for the autosampler vials. These caps 
can also contain phthalates. As a general precaution, only one injection should be made from 
each vial.
Different cleaning methods have been proposed to avoid the contamination problems due 
to the phthalates from the material used in the laboratory. In all of them glass material is 
rinsed with organic solvents after a rigorous washing.[106, 109, 118, 119, 120,.121]
C. Pérez Feás et al.[110] cleaned the glassware material prior to analysis according to
recommendations specified in EPA method 506 in order to reduce the background
contamination. All the mater ial was washed with hot water and soap and rinsed with 
technical-grade acetone. Then, the glassware was sealed with aluminum foil and stored in a 
clean environment to avoid adsorption of phthalates from air. 
6. CONCLUSION
The interest for PAEs determination in different matrix samples (water, sediments,
sludge, and biological samples) has increased in recent years due to the toxicity of these 
compounds.
The main problem in PAEs determination is the contamination of the sample, due to the 
presence of high levels of these compounds in the laboratory environment. A solution to this 
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problem would be the use of methods in which the sample pretreatment is performed out in a 
closed system or on-line with the detection technique. Both approaches minimize sample 
preparation.
Different methods have been developed, using a variety of preconcentration and
extraction techniques, such as SPE, LLE, SPME, SLE, etc. For aqueous samples SPE and 
SPME were the most commonly used techniques obtaining good recoveries. For solid 
samples, Soxhlet extraction was the most usual technique but new methods using ultrasound 
or microwave energy are nowadays more popular because they shorted the extraction time. 
CG and HPLC as separation techniques coupled with different detectors were the main
techniques for PAEs determination employed in the literature. Results showed that methods 
using GC-MS or HPLC-MS-MS presented lower detection limits.
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Abstract
Phthalates are a group of chemical compounds with increasing interest from the analytical point of view. The risks for human health associated
with some of these compounds have unleashed the necessity to develop analytical methods with great sensitivity that allow us to detect their
presence at trace levels in order to assure protection for the population.
A simple and rapid method for determining a group of phthalate esters in aqueous samples was developed. The method was based on high-
performance liquid chromatography–(electrospray)-mass spectrometry (HPLC–ES-MS), working in positive ionisation (PI) mode. A gradient
elution was performed with acetonitrile–ultrapure water starting from 5 to 75% acetonitrile in 5 min followed by isocratic elution during 5 min.
Standard calibration curves were linear for all the analytes over the concentration range 10–500 ng mL−1 .The LOD values found for DMP, DEP,
BBP and DBP were 0.8, 3.4, 0.6 and 1.2 ng mL−1 respectively. The relative standard deviation ranged from 0.8 to 1.7%, which indicated good
method precision.
The proposed analytical method has been applied to the analysis of commercial physiological saline solutions in order to check the presence of
phthalates and to determine their concentration.
© 2008 Published by Elsevier B.V.
Keywords: Phthalates; HPLC–ES-MS; Physiological saline solutions
1. Introduction
Diesters of phthalic acid, commonly referred to as phthalates,
are a group of chemical compounds widely used in industry and
commerce due to their large variety of uses. Because of their
properties to improve softness and flexibility to the plastics they
are used mainly as plasticizers to give products to consumer and
industry versatiles, durables and accessibles such as medical
devices, children’s toys and all kind of packaging. Furthermore,
phthalates are also used as industrial solvents and lubricants, as
additives in textile industry and pesticides and also in personal
care products such as deodorants, lotions and perfumes, to retain
the colour and fragrance [1–4].
Approximately 93% of all plasticizers are phthalates, the
remaining 7% corresponding to esters and polyesters based
∗ Corresponding author.
E-mail address: pbermejo@usc.es (P. Bermejo-Barrera).
on adipate, phosphoric acid, sebacic acid, etc. [1]. The world
production of these compounds is estimated at several million
tonnes per year. Phthalates are not chemically bound in the plas-
tics; therefore, they can be lost from plastic and released to the
environment [5].
Consistent toxicological evidence indicates association
between several of these phthalate esters and risks for human
health and the environment. In particular, dibutyl phthalate
(DBP), butyl benzyl phthalate (BBP), and di-(2-ethylhexyl)
phthalate (DEHP) are in the list of the proposed substances sus-
pected to produce endocrine alterations published by European
Union (EU) [6].
Section 307 of the US Clean Water Act establishes that
dimethyl phthalate (DMP), diethyl phthalate (DEP), butyl ben-
zyl phthalate, dibutyl phthalate, di-(2-ethylhexyl) phthalate and
dioctyl phthalate (DOP) must be considered priority toxic pollu-
tants [7]. These concerns have been further aggravated by recent
analysis of human blood and urine samples, where traces of var-
ious phthalates (or their metabolites) have been found [8,9]. For
0039-9140/$ – see front matter © 2008 Published by Elsevier B.V.
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these reasons, the interest in the study of this type of chemical
substances has increased during the last few years, and there-
fore it is essential to develop a reliable and sensible analytical
method that allows us to determine and quantify this group of
compounds at trace levels.
Several methods have been developed for their determination
in different matrices, including water (drinking water, surface
water, wastewater), soil, sediment, sludge, dust, air and biota
(vegetation, milk, fish, etc.) [2,10–12].
The analysis of phthalic acid esters is mostly performed
by gas chromatography (GC) [13–17]. Generally, GC methods
present better sensibility than HPLC methods, although depend
on the pre-treatment step, the instrumental conditions and the
sample matrix [6]. High-performance liquid chromatography
(HPLC) can be used as an alternative technique and is espe-
cially useful for analysis of isomeric mixtures and metabolites
of phthalates without derivatisation [18].
Phthalates can be detected using UV detection [8,19–21],
flame ionisation detection (FID) [22,23], electron capture detec-
tion (ECD) [24] or mass spectrometry (MS) [10,11,25,26]. Some
official methods (US EPA methods 606 and 8060) describe the
use of ECD for the phthalate determination. Although ECD
detectors are relative sensitive for phthalates, the specificity is
restricted. The most important detector for phthalate analysis is
mass spectrometric detection. All types of MS analysers, includ-
ing quadrupole analysers, triple quadrupole analysers, ion traps
and magnetic sector instruments have been used for phthalates
determination [27].
The major problem in phthalate analysis is the contamination,
resulting in false positive results or over-estimated concentra-
tions. The risk of contamination is present in the whole analytical
scheme, including sampling, sample preparation and chromato-
graphic analysis. Due to the fact that phthalates are widely used,
they are present in air, water, and organic solvents and plastic
and adsorbed on glass or other materials [27].
A recent study carried out by Reid et al. [28] shows significant
quantities of phthalates from various components commonly
found in the environmental of analytical laboratory. Conse-
quently, plastic syringes, pipette tips, plastic filters and all type
of plastic material must be avoided, and glass material must be
used instead. Once plastic materials containing phthalates are
avoided, the main source of contamination are phthalates present
as vapours or part of the particulate matter in air, contaminating
all surfaces, particularly glassware, plastic objects and our skin
[29].
As a result of the contribution of all these sources of contam-
ination, the experiments to reduce its produce confusing results
because, the sources of contamination vary from one laboratory
to another and depend on factors such as season, weather and
ventilation of the laboratory [29].
Different cleaning methods have been proposed to avoid the
contamination problems due to the phthalates from the material
used in the laboratory. In all of them glass material is rinsed with
organic solvents after a rigorous washing [11,30–35].
The aim of this work is to develop a method for phthalates
determination presents in trace levels in physiological saline
solutions, using HPLC–ES-MS.
2. Experimental
2.1. Reagents and standards
All reagents used were of analytical reagent-grade. Dimethyl
phthalate and butyl benzyl phthalate were obtained from Supelco
(Bellefonte, PA, USA). Diethyl phthalate and dibutyl phthtalate
were obtained from Riedel-de Haën (Seelze, Germany). The
purity of these reagents was over 98%.
Lichrosolv gradient grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). Technical-grade
acetone and acetic acid glacial (HPLC) for instrumental analy-
sis were purchased from Panreac (Barcelona, Spain). Ultrapure
(resi-analyzed) water for environmental inorganic and organic
trace analysis was supplied by J.T. Baker (Phillipsburg, NJ,
USA).
Individual standard solutions of each phthalate ester at a con-
centration of 1000 mg L−1 were prepared in methanol, preserved
of light and stored at 4 ◦C in a Teflon-capped glass vial. From
these solutions, a working mixture in methanol was prepared
weekly containing all standards of concentration 100 mg L−1
each. All the working solutions were prepared daily by diluting
this solution.
Special care was taken to avoid the contact of reagents and
solvents with plastic materials. In order to reduce background
contamination, all glassware was cleaned prior to the analysis
according to the recommendations specified in EPA method 506.
All material was washed with hot water and soap, rinsed with tap
and ultrapure water and finally thorough rinsed with technical-
grade acetone. Then, glassware was sealed with aluminium foil
and stored in a clean environment to avoid adsorption of phtha-
lates from the air.
2.2. Instrumentation
Phthalates separation and quantification was carried out using
liquid chromatography/electrospray ionisation-mass spectrom-
etry system.
The HPLC system used was an 1100 Series equipped with
an automatic injector (Agilent Technologies, Waldbronn, Ger-
many) that is coupled to an API 150 EX single quadrupole
mass spectrometer equipped with a Turboionspray interface (PE
Biosystems, Concord, Canada).
The analytical column was a ZORBAX Eclipse XDB-C8
of 50 mm length and 2.1 mm internal diameter (particle size
3.5 m) supplied by Agilent Technologies.
2.3. Chromatographic and mass spectrometry conditions
The binary mobile phase consisted of ultrapure water and
acetonitrile, both solvents containing 0.1% (v/v) acetic acid. The
elution gradient started with 95% of ultrapure water, which was
reduced linearly to 25% in 5 min. Then, this composition was
maintained for 5 min before returning to the initial conditions.
The column was equilibrated for 10 min.
The flow rate and the injection volume were
200 L min−1and 10 L, respectively and the chromato-
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Table 1
Optimal values of the compound parameters for the four phthalates studied
Compound Acronym m/z Potentials
DP FP EP
Dimethyl phthalate DMP 163.25 40.38 73.87 8
Butyl benzyl phthalate BBP 91.15 25 225 6
Diethyl phthalate, dibutyl phthalate DEP, DBP 149.05 25 290 8.5
graphic separation was carried out at room temperature. Under
these conditions the separation time was less than 10 min.
Electrospray ionisation was performed in positive ion mode.
The operational parameters were the same for all of analytes
with an ionspray voltage of 5500 V; nitrogen was used as neb-
ulizer and curtain gas at a pressure of 14 psi in both cases; air
current at 450 ◦C and 7000 cc min−1 was used as turbo heater
gas.
The compound parameters such as declustering potential
(DP), focusing potential (FP) and entrance potential (EP) were
optimized for each analyte. The optimal conditions are shown
in the Table 1.
2.4. Sample preparation
Samples were injected directly in the chromatograph, it
wasn’t necessary any sample preparation process.
3. Results and discussion
3.1. ES-MS optimization
Four phthalate esters (DMP, DEP, BBP and DBP) were
selected for this study.
To evaluate the mass spectral fragmentation pattern of each
compound and to optimize the set of parameters used, a stan-
dard solution (100 mg L−1) of each compound was analyzed by
direct injection in the spectrometer. For these experiments, a KD
Scientific, model 100, syringe pump (New Hope, MN, USA) at
15 L min−1, was used.
Full-scan data acquisition was performed from 80 to 400 m/z,
with the target mass fixed to the following m/z values: 91.15
for BBP, 149.05 for DEP and DBP and 163.25 for DMP. The
spectral data provided ions in accordance with previous stud-
ies reported in literature [2,15,16,36,37]. The selected ions were
chosen to attain the best response in the SIM mode acquisi-
tion. Characteristics as molecular weight, identification ions and
retention time corresponding to these compounds are given in
Table 2.
3.2. Optimization of HPLC separation
After optimizing the detection conditions, the following
experiments were conducted to optimize the chromatographic
separation of the analytes.
Experiments were carried out using different mobile phases
reported in the literature (methanol:water [38], acetoni-
trile:water [20], acetonitrile (1%methanol):water [21]), working
in isocratic mode. The best resolution was obtained using ace-
tonitrile:water as a mobile phase. These results agree with
the experiments developed by López-Jiménez et al. [10]. In
order to improve the resolution and to decrease the time of
analysis, different experiments were carried out working in
gradient mode. The best results were obtained started with
95% of ultrapure water and decreasing this percentage to 25%
in 5 min. Then, this composition was maintained for 5 min
before returning to the initial conditions. Finally, the col-
umn was equilibrated during 10 min before each injection.
Other parameters optimized were the percentage of acetic
acid and the flow rate of the mobile phase. The optimal
conditions were 0.1% (v/v) acetic acid and a flow rate of
200 L min−1.
The chromatogram obtained for a mixed of these compounds
under the optimized conditions is shown in the Fig. 1.
3.3. Analytical performance
To evaluate the linearity of the method, a direct calibration
curve was realized. Ten microliters of standard solutions in ultra-
pure water with concentrations ranging from 10 to 500 ng mL−1
were injected by triplicate. Detector signals, measured in arbi-
trary units (peak areas), were plotted versus the amount of
analyte injected, expressed in ng mL−1 and background levels
were subtracted from de results. The equations obtained for each
compound were as follows:
DMP : QA = 46399 C + 377217 r = 0.9964
DEP : QA = 1784 C + 16643 r = 0.9987
Table 2
Molecular weight, selected ions and retention time to the analysis of the target phthalates
Phthalate Molecular weight SIM ion Identification ions RT (min)
Dimethyl phthalate 194 163 149, 163, 181 6.90
Diethyl phthalate 222.24 149 149, 177, 195 7.59
Butyl benzyl phthalate 312.40 91 91, 149, 205, 223, 247 9.18
Dibutyl phthalate 278.35 149 149, 205, 223 9.44
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Fig. 1. LC/MS extracted ion chromatogram obtained from a standards solution
(100 ng mL−1) in a physiological saline sample purchased in a glass bottle to
the following m/z values: (a) 163.25 for DMP, (b) 149.05 for DEP and DBP, and
(c) 91.15 for BBP.
BBP : QA = 18218 C + 153056 r = 0.9978
DBP : QA = 5166 C + 66474 r = 0.9963
where QA is the peak area and C is the concentration in ng mL−1.
Standard addition method was applied over the same range of
concentrations using a commercial physiological saline solution
purchased in a glass bottle. The equations obtained for each
compound were as follows:
DMP : QA = 12334 C + 12308 r = 0.9998
DEP : QA = 114 C + 1686 r = 0.9979
BBP : QA = 5319 C − 20441 r = 0.9988
DBP : QA = 639 C − 8128 r = 0.9985
Table 3
Linear range, correlation coefficients, LODs and LOQs values obtained from









DMP 10–500 0.9998 0.99 3.29
DEP 10–500 0.9979 22.13 73.78
BBP 10–500 0.9988 5.32 17.73
DBP 10–500 0.9985 24.07 80.23
To compare slopes of the calibration and addition graphs for
the four compounds, the t-test (95% significance levels) [39] was
applied and differences were observed for all compounds. This
means that the sample matrix had influence in the sensitivity
of the method, so, standard addition graphs had been used to
analyze these samples.
The limit of detection (LOD) and limit of quantification




; LOQ = 10S.D.
m
where S.D. is the standard deviation of 11 measurements of a
blank and m is the slope of the addition graph. The commercial
physiological saline solution purchased in a glass bottle was
used as a blank. The results obtained for LODs and LOQs are
shown in the Table 3. As can be seen in the Table 3, LODs are
between 0.99 and 24.07 ng mL−1 for all compounds, and the
highest levels obtained were for DEP and DBP.
To check the precision an interday assay was developed.
A physiological saline solution sample purchased in a glass
bottle and spiked with three concentration levels (50, 100 and
300 ng mL−1) were analyzed during different days (six determi-
nations per concentration each day) for all compounds studied.
The results obtained are shown in the Table 4. The R.S.D. values
were between 1.9 and 10.9% so, the method is precise for all
studied compounds.
The recovery of the method was evaluated by injection of the
physiological saline solution purchased in a glass bottle spiked
with three different concentrations of these compounds. The
solutions were injected by triplicate and the recovery calcu-
lated using the standard addition graph. The results obtained
are shown in Table 5. The average recoveries were 101.5%,
94.7%, 108.3% and 101.4% for DMP, DEP, BBP and DBP,
respectively.
Table 4
Relative standard deviation (%) obtained for three concentration levels (based
on six determinations) in interday assay
Phthalate R.S.D. (%)
50 ng mL−1 100 ng mL−1 300 ng mL−1
DMP 10.9 3.5 3.6
DEP 8.0 4.5 4.1
BBP 5.6 6.2 2.2
DBP 5.1 7.5 1.9
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Table 5
Recovery percentage for physiological saline solutions ± standard deviation
Phthalate % Recovery
50 ng mL−1 100 ng mL−1 300 ng mL−1
DMP 103.7 ± 1.4 105.4 ± 1.0 95.0 ± 1.2
DEP 89.7 ± 3.3 99.5 ± 3.5 95.1 ± 3.1
BBP 111.3 ± 9.5 104.2 ± 2.0 109.5 ± 1.5
DBP 105.8 ± 2.7 89.8 ± 2.1 108.7 ± 3.5
Table 6
Concentrations (ng mL−1) ± standard deviation (based on three replicates)
found in different physiological saline solutions
Physiological saline solutions DMP DEP BBP DBP
Brand A 5 ± 1 335 ± 5 <LOD 50 ± 2
Brand B <LOD <LOD <LOD <LOD
Brand C <LOD <LOD 5 ± 1 <LOD
Brand D 153 ± 2 <LOD <LOD <LOD
<LOD: lower than the detection limit.
Fig. 2. LC/MS extracted ion chromatogram obtained from brand A physiolog-
ical saline solution to the following m/z values: (a) 163.25 for DMP, (b) 149.05
for DEP and DBP, and (c) 91.15 for BBP.
3.4. Application to physiological saline solutions
The proposed analytical method has been applied to the
analysis of four commercial physiological saline solutions in
order to check the presence of these phthalates and to deter-
mine their concentration. Samples were injected directly in the
chromatograph, it wasn’t necessary any sample preparation pro-
cess.
The original recipients containing three of these physiologi-
cal saline solutions were made from plastic material. The other
one was in a glass bottle. The phthalate esters are used in the man-
ufacture of the plastic recipients, so the influence of the material
on the concentration of the phthalates has been evaluated.
Physiological saline solutions were analyzed in order to ver-
ify the presence of different peaks at the same retention time as
the compounds studied. Some peaks appeared at the retention
times corresponding to DMP, DEP, BBP and DBP. The spec-
tra of these peaks confirmed that they correspond to these four
phthalates.
The results obtained for these phthalates in the four samples
are given in the Table 6. The levels of these compounds in the
brand B, was less than the LODs of the method. The absence
of these compounds in this sample can be attributed to that this
sample is distributed in a glass bottle. Fig. 2 shows the LC/MS
ion chromatograms obtained from brand A of physiological
saline solution.
4. Conclusions
A method for the determination of different phthalates by
HPLC–ES-MS was developed. The method is rapid (the separa-
tion and determination was realized in less than 10 min), precise
and accurate.
Four commercial physiological saline solutions from differ-
ent brands were analyzed using the proposed method. The results
shown, that these compounds are present only in the samples
distributed in plastic bottles. In physiological saline solution
distributed in glass bottle, these compounds were not detected
(<LODs).
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a b s t r a c t
A method for determining a group of phthalic esters (PAEs) in physiological saline solutions has been
developed. The PAEs studied were dimethyl phthalate, diethyl phthalate, butyl benzyl phthalate and
dibutyl phthalate. These groups of phthalates were determined by liquid chromatography–electrospray
ionization-tandem mass spectrometry, working in positive ion mode. The compounds were separated by
liquid chromatography working in gradient mode with acetonitrile–ultrapure water as a mobile phase.
The separation was performed starting with 5% of acetonitrile and increasing to 75% in 5 min, followed
by isocratic elution for 8 min. The method was precise (with relative standard deviation (RSD) from
1.0 to 6.8%) and sensitive, with LODs of 0.05, 0.38, 0.05 and 0.82 g L−1 for DMP, DEP, BBP and DBP,
respectively. The proposed analytical method has been applied to determine these compounds in different
physiological saline solutions commercialized in plastic bottles.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction
Phthalates (PAEs) are a group of chemical compounds widely
used in industry and commerce. Due to the ability to improve the
softness and flexibility of plastics, they are widely used as polymer
additives in plastics. These compounds are present in a wide variety
of consumer products including children toys, cosmetics, personal
care products, packaging, etc. [1–3]. Phthalates are not chemically
bound to plastic; thus, they can be easily released from the plastic
packaging to the contents and the environment [4].
The interest in the study of these types of chemical substances
has increased in recent years because some of these compounds,
such as dibutyl phthalate (DBP), butyl benzyl phthalate (BBP) and
diethyl hexyl phthalate (DEHP), are suspected to be endocrine dis-
ruptors and carcinogenic to humans [5,6]. Therefore, it is essential
to develop reliable and sensitive methods for determining this
group of compounds at trace levels.
Several methods have been developed for PAEs determination
in different matrices such as, biological samples, pharmaceutical
drugs and environmental samples. The analysis of PAEs is mostly
performed by gas chromatography (GC). Generally, GC methods
present better sensitivity than HPLC methods, although these
depend on the pre-treatment step, the instrumental conditions
and the sample matrix [7]. Phthalates can be detected using elec-
tron capture detection (ECD) [8,9], flame ionization detection (FID)
[10–12] and mass spectrometry (MS) [13–15]. HPLC can be used
∗ Corresponding author. Tel.: +34 881 814 266, +34 600 942 346;
fax: +34 981 595 012.
E-mail address: pilar.bermejo@usc.es (P. Bermejo-Barrera).
as an alternative technique and is especially useful for analysis of
isomeric mixtures and phthalates metabolites without derivatiza-
tion [16]. HPLC can be used in combination with different detectors
such as UV [17–19], mass spectrometry [20–24] and using tandem
mass spectrometry [16,25–28].
In some cases, due to the low levels of these compounds in
the samples, a clean up/preconcentration step is necessary before
the instrumental analysis. These sample pre-treatments include
liquid–liquid extractions (LLE) [24,29,30], liquid-phase microex-
traction (LPME) [31], single drop microextraction (SDME) [32], solid
phase extraction (SPE) [25,33], solid phase microextraction (SPME)
[34,35], stir bar sorptive extraction (SBSE) [36,37] and solid–liquid
extraction (SLE) [38]. The major problem in phthalate determina-
tion is the sample contamination during the sample pre-treatment.
Due to the fact that these compounds are widely used, they are
present in the environment and can be adsorbed onto the glass
and other material. This problem can be diminished using different
methods proposed in the literature to prevent phthalate contam-
ination problems [20,21,27] and by reducing the number of steps
necessary to prepare the sample.
The aim of this work was to develop a high sensitive method for
phthalates determination in physiological saline solution samples
by LC–ES-MS/MS without any sample pre-treatment.
2. Experimental
2.1. Reagents and standards
All reagents used were of analytical reagent-grade. Dimethyl
phthalate (DMP) and butyl benzyl phthalate (BBP) were obtained
from Supelco (Bellefonte, PA, USA). Diethyl phthalate (DEP)
1570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2010.12.002
232 C.P. Feás et al. / J. Chromatogr. B 879 (2011) 231–235
and dibutyl phthalate (DBP) were obtained from Riedel-de
Haën (Seelze, Germany). The purity of these reagents was over
98%.
Stock standard solutions of each phthalate ester at a concentra-
tion of 1000 mg L−1 were prepared in methanol, kept in darkness
and stored at 4 ◦C in a Teflon-capped glass vial. From these solu-
tions, a working standard solution in methanol was prepared
weekly containing all standards at concentrations of 100 mg L−1
each. Diluted working standard solutions were prepared daily by
diluting the working solution.
Lichrosolv gradient grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). Technical-grade
acetone and glacial acetic acid (HPLC) for instrumental analy-
sis were purchased from Panreac (Barcelona, Spain). Ultrapure
(resi-analysed) water for environmental inorganic and organic
trace analysis was supplied by J.T. Baker (Phillipsburg, NJ,
USA).
Special care was taken to avoid the contact of reagents and sol-
vents with plastic materials. Because of the ubiquity of plasticizers
and the tendency of residues to persist, all glassware was cleaned
prior to the analysis according to the recommendations specified in
U.S. EPA Method 506 [39]. All material was washed with hot water
and soap, rinsed with tap and ultrapure water and finally thor-
oughly rinsed with technical-grade acetone. Glassware was then
sealed with aluminium foil and stored in a clean environment to
avoid adsorption of phthalates from the air.
2.2. Instrumentation
Phthalates separation and quantification was performed using
liquid chromatography/electrospray ionization-tandem mass
spectrometry system.
A Series 1100 liquid chromatograph from Agilent Technolo-
gies (Waldbronn, Germany) was coupled to an API 4000TM Triple
Quadrupole Mass spectrometer (Applied Biosystems, Concord,
Canada) equipped with a Turbo IonsprayTM ionization source. Mass
Spectrometry data were processed with Analyst 1.4.2 software.
A ZORBAX Eclipse XDB-C8 column (2.1 mm × 50 mm, 3.5 m
particle size) supplied by Agilent Technologies was used for the
separation of these compounds.
2.3. Chromatographic conditions
Ultrapure water and acetonitrile (both solvents containing 0.1%,
v/v acetic acid) were used as a binary mobile phase. Phtha-
lates were separated by LC working in gradient mode with
acetonitrile–ultrapure water as a mobile phase. The separation was
performed starting with 5% of acetonitrile and increasing to 75% in
5 min, followed by isocratic elution for 8 min and increasing to 75%
in 5 min, remaining at this composition for 8 min.
The flow rate and the injection volume were 200 L min−1 and
10 L, respectively, and the chromatographic separation was per-
formed at 40 ◦C. Under these conditions the separation time was
less than 13 min. These optimal conditions are shown in Table 1.
Table 1
Operational conditions for LC–MS/MS.
HPLC (Agilent 1100)
Column Zorbax Eclipse XDB-C8 (3.5 m 2.1 mm × 50 mm)
Mobile phase Ultrapure water:acetonitrile (0.1%, v/v acetic acid)
Mode Gradient
Flow rate 200 l/min
Oven temperature 40 ◦C
Injection volume 10 l
MS/MS (API 4000)
Ion spray voltage 5500 V
Ionization mode ESI-positive
Curtain gas 25 psi (nitrogen)
GS1 (nebulizer gas) 50 psi
GS2 (auxiliary gas) 60 psi
Ion source temperature 450 ◦C
CAD (collisionally activated dissociation)4
2.4. Sample preparation
The samples were injected directly into the chromatograph,
without any previous sample preparation process.
3. Results and discussion
3.1. ES-MS/MS conditions
The ES-MS/MS conditions for DMP, DEP, BBP and DBP deter-
mination by ES-MS/MS were studied. The ion source dependent
(turbo ion spray) conditions were the same for all the analytes with
an electrospray needle voltage of 5500 V in the positive ion mode.
Nitrogen as a nebulizer and turbo heater gas (at 450 ◦C) was set as
a pressure of 50 and 60 psi, respectively. The pressure of the cur-
tain gas was also optimized selecting 25 psi as the optima pressure.
Ion source collision-activated dissociation (CAD) was studied dur-
ing the development of the method, selecting 4 V as the optimum
condition.
To establish the MS/MS operating conditions used to determine
these phthalates by ES-MS/MS, a standard solution (100 mg L−1) of
each phthalate were used. These solutions were infused directly
into the MS/MS system using the syringe pump system of the API
4000. The phthalates studied were monitored at m/z 195, 223, 313
and 279, working in the scan mode, which were assigned to [M+H]+.
Moreover, in the product ion MS/MS measurement, the selective
reaction monitoring ions (SRM) of DMP, DEP, BBP and DBP were
set depending on their precursor ions. The combinations of precur-
sor ion and product, as well the optimum potentials, are shown in
Table 2.
3.2. Optimization of LC separation
After optimizing the detection conditions, the following experi-
ments were conducted to optimize the chromatographic separation
of the analytes.
Table 2
Optimal values of the compound parameters for the four phthalates studied, m/z transition selected and retention time (DP: declustering potential; EP: enhance potential;
CE: collision energy; CXP: collision cell exit potential).
Compound Acronym m/z transition Potentials optimization tR (min)
DP EP CE CXP
Dimethyl phthalate DMP 195 → 163 31 10 13 14 8.4
Diethyl phthalate DEP 223 → 149 36 10 23 12 9.2
Butyl benzyl phthalate BBP 313 → 91 41 10 23 6 11
Dibutyl phthalate DBP 279 → 205 50 9 11 10 11.2
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Table 3
Linear range, correlation coefficients, LODs and LOQs values obtained from the standard addition method in physiological saline solutions.
Phthalate Linear range (g L−1) Correlation coefficient (r) LOD (g L−1) LOQ (g L−1)
DMP 0.5–50 0.9996 0.05 0.16
DEP 1–50 0.9978 0.38 1.27
BBP 1–50 0.9986 0.05 0.16
DBP 1–150 0.9956 0.82 2.74
Experiments were performed using acetonitrile:water, both sol-
vents containing 0.1% (v/v) acetic acid as a mobile phase. This
mobile phase was selected based on a previous work developed in
our research group for phthalates determination in physiological
saline solutions by LC–ES-MS [20]. Experiments were developed
using a physiological saline solution spiked with 25 g L−1 of
DMP, DEP and BBP, and 100 g L−1 of DBP. The best results were
obtained starting the elution with 5% of acetonitrile, which was
then increased linearly to 75% in 5 min. This composition was main-
tained for 8 min before returning to initial conditions. The column
was equilibrated for 10 min.
Other parameters optimized were the temperature of the chro-
matographic column and the flow rate of the mobile phase. The
optimum conditions selected were at temperature of 40 ◦C and a
flow rate of 200 L min−1.
The chromatogram obtained for the physiological saline solu-
tion, spiked with 25 g L−1 of DMP, DEP and BBP, and 100 g L−1 of
DBP, under the optimized conditions is shown in Fig. 1.
3.3. Analytical performances
After selection of the optimum conditions for LC–ES-MS/MS,
the method was evaluated using DMP, DEP, BBP and DBP standard
solutions.
The linearity of the response of this method was evaluated using
a standard addition method. This addition was performed at seven
different concentrations of the standard solution of these phtha-
lates, using a commercial physiological saline solution supplied
in a glass bottle. Linear regression was performed by plotting the
peak area versus concentration, and was linear over the range of
0–50 g L−1 for DMP, DEP and BBP, and of 0–150 g L−1 for DBP.
The equations obtained for each compound were as follows:
DMP : QA = 273725 C + 265276 r = 0.9996
DEP : QA = 325956 C + 208430 r = 0.9978
BBP : QA = 255127 C + 185647 r = 0.9986
DBP : QA = 129571 C + 263706 r = 0.9956

























Fig. 1. LC–MS/MS ion chromatogram obtained from a physiological saline solution
spiked with 25 g L−1 of DMP, DEP and BBP, and 100 g L−1 of DBP.
The limit of detection (LOD) and limit of quantification (LOQ)





where SD is the standard deviation of ten blank solutions and
m is the slope of the addition graph. A commercial physiologi-
cal saline solution supplied in a glass bottle was used as a blank.
The results obtained for LODs and LOQs are shown in Table 3. The
LODs obtained are between 0.05 and 0.82 g L−1. The highest LOD
obtained was for DBP. These LODs are lower than those obtained in
a previous study to determine these compounds in the same type
of samples by LC–MS [20]. Moreover, the method presents better or
comparable sensitivity than other methods proposed in the litera-
ture for the determination of these phthalates using GC-MS in water
samples. Serodio and Nogueira [2] developed a method for phtha-
lates determination using stir bar sorptive extraction with liquid
desorption followed by large volume injection and GC-MS obtain-
ing LODs from 0.15 to 0.60 g L−1. Peñalver et al. [40] obtained
LODs from 15 to 50 g L−1 for these phthalates using GC-MS, and
obtained LODs from 0.007 to 0.17 g L−1 using SPME previous to the
determination by GC-MS. Koch et al. [1] obtained LODs from 0.25 to
1.0 g L−1 for the determination of these phthalates in urine sam-
ples by LC–ES-MS/MS. The advantage of the proposed method is
that present a good sensitivity when analyzing the sample directly,
without any requiring preparation steps (e.g. preconcentration
step).
Assays were developed to check intra- and interday precision.
For the intraday study, aliquots of a physiological saline solution
purchased in a glass bottle were spiked with two concentration
levels of all phthalates studied and analysed six times in the same
run. The interday assay was performed in the same way analyzing
12 aliquots of spiked samples in two different days. The results
obtained for the intra- and interday assays are shown in Table 4.
The RSD values were between 1.2 and 5.0% in the intraday assay
and between 1.0 and 6.8% in the interday assay; thus, the method
is precise for all the compounds studied.
The analytical recovery of the method was calculated using a
blank sample (physiological saline solution commercialized in a
glass bottle) spiked with three different concentrations of these
compounds (5, 25 and 50 g L−1 for DMP, DEP and BBP and 40,
100 and 150 g L−1 for DBP). The spiked samples were prepared
twice and analysed three times, and the recovery calculated using
the standard addition graph. The recovery percentages obtained
are shown in Table 5. The average analytical recoveries were 106.7,
92.6, 102.9 and 96.4% for DMP, DEP, BBP and DBP, respectively.
3.4. Application to physiological saline solution samples
The proposed analytical method has been applied to the analysis
of different physiological saline solution samples, commercialised
in plastic bottles, in order to check the presence of these phthalates
and determine their concentration. Samples were directly injected
into the chromatographic system; and no sample preparation pro-
cess was necessary.
The results obtained for DMP, DEP, BBP and DBP are given in
Table 6. The concentration levels obtained for BBP are lower than
the LOD for all samples studied, and DBP was only detected in
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Table 4
Results of intra- and interday assays to validate proposed LC–MS/MS method.
Phthalate Intraday (n = 6) Interday (n = 12)
Detected average (ng mL−1) SD RSD (%) Detected average (ng mL−1) SD RSD (%)
DMP 29.86 0.36 1.20 29.88 0.29 0.97
49.10 2.02 4.12 50.23 1.94 3.86
DEP 24.88 0.31 1.25 26.52 1.81 6.84
46.24 1.04 2.25 46.95 1.33 2.84
BBP 24.28 0.46 1.89 24.44 0.61 2.51
48.04 2.41 5.01 49.51 2.28 4.61
DBP 92.06 2.01 2.19 97.88 6.55 6.70
148.91 6.91 4.64 146.74 5.40 3.68
Table 5
Recovery percentage for physiological saline solutions ± standard deviation to vali-
date proposed LC–MS/MS method (n = 3).
Phthalate % Recovery
5 g L−1 25 g L−1 50 g L−1
DMP 100.3 ± 2.5 118.3 ± 0.8 101.4 ± 3.2
DEP 81.4 ± 1.6 101.4 ± 0.5 94.9 ± 0.6
BBP 111.5 ± 2.8 98.7 ± 0.8 98.6 ± 2.7
Phthalate % Recovery
40 g L−1 100 g L−1 150 g L−1
DBP 92.2 ± 2.2 93.6 ± 1.2 103.4 ± 1.6
Table 6
Concentration (g L−1) ± standard deviation (based on three replicates) found in
different physiological saline solutions. <LOD: lower than the detection limit.
Physiological saline
solution
DMP DEP BBP DBP
Brand 01 17.4 ± 0.6 14.5 ± 0.4 <LOD 7.7 ± 0.6
Brand 02 0.4 ± 0.1 <LOD <LOD <LOD
Brand 03 19.2 ± 1.5 3.9 ± 0.2 <LOD <LOD
Brand 04 346.8 ± 0.8 2.7 ± 0.1 <LOD <LOD
brand 1. The concentration levels varied from 0.4 to 346 g L−1 for
DMP and from 0.4 to 14.5 g L−1 for DEP. The brand 2 sample pre-
sented the lowest concentration of phthalates, being DMP the only
phthalate detected. Phthalate esters are used in the manufacture of
plastic containers; thus, the presence of phthalates in the samples
can be attributed to the release of these compounds from the plas-
tic containers. As an example, the chromatogram obtained when























Fig. 2. LC–ES-MS/MS ion chromatogram obtained from brand 1 physiological saline
solution.
4. Conclusion
A rapid (less than 13 min), sensitive and accurate method for
the determination of DMP, DEP, BBP and DBP by LC–ES-MS/MS was
developed. The main advantage of this method, compared with
the methods proposed in the literature, is that the compounds
can be detected at very low concentration without any sample
pre-treatment. Moreover, the limits of detection obtained are com-
parable with the LODs found in the literature for determining of
these phthalates by researches who performed a preconcentra-
tion step before the determination by GC-MS. Another advantage
is that the reduction of the number of sample pre-treatment steps
decreases the risk of the sample contamination during the analysis,
which is a very common problem in the analysis of phthalates.
The method was applied for the determination of these com-
pounds in four physiological saline solutions commercialized in
plastic bottles. The presence of these compounds in the samples
can be attributed to the different compositions of the plastic con-
tainers. Thus, control of material used in the manufacture of the
plastic containers is essential to avoid human exposure to these
toxic contaminants.
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Abstract A method for determining a group of phthalate
esters in pharmaceutical formulae used in parenteral
nutrition samples (with and without vitamins) has been
developed. The phthalic acid esters (PAEs) studied were
dimethyl phthalate, diethyl phthalate, butyl benzyl phtha-
late, dibutyl phthalate, di-(2-ethylhexyl) phthalate, and
dioctyl phthalate. This group of phthalates was determined
by high performance liquid chromatography (HPLC)–
electrospray ionization–mass spectrometry, working in
positive ion mode. The phthalates analyzed were extracted
from the sample using hexane and sodium hydroxide. The
hexane was then evaporated, and the compounds were
redissolved in acetonitrile. The compounds were separated
by HPLC working in gradient mode with acetonitrile-
ultrapure water starting from 5% to 75% acetonitrile in
5 min, followed by isocratic elution for 27 min. Standard
calibration curves were linear for all the analytes over the
concentration range 10–250 μg L−1. The method was
precise (with RSD from 3.3% to 12.9%) and sensitive.
The proposed analytical method has been applied to the
analysis of these compounds in different pharmaceutical
formulae (with different compositions) for parenteral
nutrition samples in order to check the presence of
phthalates and determine their concentration.
Keywords Phthalates . LC-ES-MS . Parenteral nutrition
Introduction
Phthalates or phthalic acid esters (PAEs) are a group of
chemical compounds widely use in industry and commerce
due to their large variety of uses. Due to the ability to
increase the softness and flexibility of plastics, they are
used mainly as plasticizers in a wide variety of products
including medical devices, children’s toys, and all types of
packaging. The main drawback of the use of PAEs is that
they can migrate from the material to the environment and
pollute water, soil, and food products. Furthermore, certain
phthalate esters and or their metabolites are suspected to be
human carcinogenic agents and endocrine disruptors, which
make their trace determination particularly important [1, 2].
The interest of the determination of these compounds has
increased in recent years due to results obtained in the studies
concerning in human blood and urine samples where trace
levels of various phthalates (or their metabolites) have been
found [3, 4].
Several techniques have been used for PAEs determina-
tion in different matrices. In order to detect PAEs at sub
ppm levels in different samples, a cleanup/preconcentration
step is necessary before instrumental analysis. Different
methods have been developed with this purpose such as
liquid–liquid extraction (LLE) [5–10], liquid-phase micro-
extraction [11], single drop microextraction [12], solid
phase extraction [13–17], solid phase microextraction [18–
20], stir bar sorptive extraction [21, 22], and solid/liquid
extraction [23, 24].
Gas chromatography (GC) and high-performance liquid
chromatography (HPLC) are the techniques usually used
for PAEs separation in different matrices, such as environ-
mental or biological samples. Generally, GC presents
higher sensitivity than HPLC methods, although depending
on the pre-treatment step, the instrumental conditions, and
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the sample matrix [1]. HPLC can be used as an alternative
technique and is especially useful for analysis of isomeric
mixtures and metabolites of phthalates without derivatiza-
tion [25]. Ultraviolet detection has been used for phthalate
determination in environmental and biological samples [8,
9, 17, 26, 27]. However the use of mass spectrometry has
increased in recent years, either operating with a single
spectrometer [28, 29] or using a mass spectrometer in
tandem [4, 16, 30, 31] with applications in different matrix
samples (sludge, urban wastewater, urine, milk, and drugs).
Although CG-MS offered higher sensitivity for phthalate
determination than LC-MS, LC-MS approach offered some
advantages, compared with GC-MS, such as superior
selectivity with molecular weight information for the
isomeric mixtures, more reliable quantification of PAEs
isomeric mixtures, simpler cleanup procedures, and shorter
analysis time. Moreover, phthalic acid monoesters can be
analyzed without derivatization by HPLC [32].
The major problem in phthalate analysis is contamina-
tion, resulting in false-positive results or over-estimated
concentrations. The risk of contamination is present in the
whole analytical scheme, including sampling, sample
preparation, and chromatographic analysis. Due to the fact
that phthalates are widely used, they are present in air,
water, organic solvents and plastic, and adsorbed onto glass
or other materials [32].
Different cleaning methods have been proposed to
prevent phthalate contamination problems from material
used in the laboratory. In most of these methods, glass
material is rinsed with organic solvents after a rigorous
washing [17, 31, 33].
The aim of this work was the development of a method




All reagents used were of analytical reagent grade. Dimethyl
phthalate (DMP), butyl benzyl phthalate (BBP), dipentyl
phthalate (DPeP), and dioctyl phthalate (DOP) were
obtained from Supelco (Bellefonte, PA, USA). Diethyl
phthalate (DEP) and dibutyl phthtalate (DBP) were obtained
from Riedel-de Haën (Seelze, Germany). Diethylhexyl
phthalate (DEHP) was obtained from Merck (Darmstad,
Germany). The purity of these reagents was over 98%.
Individual standard solutions of each phthalate ester at a
concentration of 1,000 mg L−1 were prepared in methanol,
protected from light, and stored at 4 °C in a Teflon-capped
glass vial. From these solutions, a working mixture in
methanol was prepared weekly, containing all standards of
concentration 100 mg L−1 each. All the working solutions
were prepared daily by diluting this solution.
Hexane (PA-ACS-ISO; Panreac, Barcelona, Spain) and
sodium hydroxide (Merck, Darmstadt, Germany) were used
in the liquid–liquid extraction.
Lichrosolv gradient grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). Technical-
grade acetone and acetic acid glacial (HPLC) for instru-
mental analysis were purchased from Panreac (Barcelona,
Spain). Ultrapure (resi-analized) water for environmental
inorganic and organic trace analysis was supplied by J.T.
Baker (Phillipsburg, NJ, USA).
Special care was taken to avoid contact of reagents and
solvents with plastic materials. In order to reduce back-
ground contamination, all glassware was cleaned prior to
analysis according to the recommendations specified in
EPA method 506. All material was washed with hot water
and soap, rinsed with tap and ultrapure water, and
thoroughly rinsed with technical-grade acetone. Glassware
was then sealed with aluminum foil and stored in a clean
environment to prevent adsorption of phthalates from air.
Instrumentation
Phthalates separation and quantification were carried out
using a liquid chromatography/electrospray ionization mass
spectrometry system.
The HPLC system used was a 1100 Series equipped with
an automatic injector (Agilent Technologies, Waldbronn,
Germany) that is coupled to an API 150 EX single
quadrupole mass spectrometer equipped with a Turboion-
spray interface (PE Biosystems, Concord, Canada).
The analytical column was a ZORBAX Eclipse XDB-C8
of 50 mm length and 2.1 mm internal diameter (particle size
3.5 μm) supplied by Agilent Technologies.
A centrifuge Selecta (Barcelona, Spain) working at
3,500 rpm was used in the liquid–liquid extraction procedure.
Chromatographic and mass spectrometry conditions
The binary mobile phase consisted of ultrapure water and
acetonitrile, both solvents containing 0.1% (v/v) acetic acid.
The elution gradient started with 5% of acetonitrile, which
was increased linearly to 75% in 5 min. This composition
was maintained for 27 min before returning to the initial
conditions. The column was then equilibrated for 10 min.
The flow rate and the injection volume were 200 μL min−1
and 10 μL, respectively, and the chromatographic separa-
tion was carried out at room temperature. Under these
conditions, the separation time was less than 30 min.
Electrospray ionization was performed in positive ion
mode using the operational parameters shown in Table 1.
The compound parameters such as declustering potential
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(DP), focusing potential (FP), and enhance potential (EP)
were optimized for each analyte. The optimal conditions are
displayed in Table 1.
Sample preparation
The six phthalate esters studied in this work were extracted
from the sample using a liquid–liquid extraction procedure.
Thus, a volume of 1 mL of parenteral nutrition and 1 mL of
NaOH 0.1 M were introduced into a conical glass tube. The
mixture was vortexed for 2 min, and then 2 mL of hexane
was added. The solution was shaken for 3 min in samples
without vitamins and 5 min in samples with vitamins. In
samples with vitamins, a centrifugation step at 3,500 rpm
for 10 min was used to improve phase separation. The
organic layer (fraction 1) was separated and transferred into
another clean conical glass tube. The aqueous phase was
extracted again with 2 mL of hexane, and the mixture was
treated as above. The separated organic phase (fraction 2)
was combined with fraction 1, and the total organic phase
was evaporated to dryness using a hot water bath under
argon stream. The residue was reconstituted with 500 μL of
acetonitrile containing 250 μg L−1 of DPeP (internal
standard (IS)) and shaken for 1 min; finally, 10 μL of
solution was injected in the HPLC-ES-MS system.
Results and discussion
ES-MS optimization
Six phthalate esters (DMP, DEP, BBP, DBP, DEHP, and
DOP) were selected for this study. DPeP was used as an
internal standard.
To evaluate the mass spectral fragmentation pattern of
each compound and to optimize the set of parameters used,
a standard solution (100 μg L−1) of each compound was
analyzed by direct injection in the spectrometer. For these
experiments, a KD Scientific, model 100, syringe pump
(New Hope, MN, USA) at 15 μL min−1, was used.
Full-scan data acquisition was performed from 80 to
400m/z, with the target mass fixed to the following m/z
values: 91.15 for BBP, 149.05 for DEP, DBP, DPeP,
DEHP, and DOP and 163.25 for DMP. The spectral data
provided ions in accordance with previous studies
reported in the literature [18, 34–37]. The selected ions
were chosen to attain the best response in the SIM mode
acquisition.
Optimization of HPLC separation
After optimizing the detection conditions, the following
experiments were conducted to optimize the chromato-
graphic separation of the analytes.
Experiments were carried out using different mobile
phases reported in the literature (methanol/water [38],
acetonitrile/water [39], and acetonitrile (1% methanol)/
water[40]), working in isocratic mode. The best resolution
was obtained using acetonitrile/water as a mobile phase.
These results agree with the experiments developed by
López-Jimenez et al. [41]. In order to improve the
resolution and to decrease the time of analysis, different
experiments were carried out working in gradient mode.
The best results were obtained starting with 5% of
acetonitrile and increasing this percentage to 75% in
5 min. This composition was maintained for 27 min before
returning to the initial conditions. Finally, the column was
equilibrated during 10 min before each injection. Other
parameters optimized were the percentage of acetic acid
and the flow rate of the mobile phase. The optimal
conditions were 0.1% (v/v) acetic acid and a flow rate of
200 μL min−1.
The chromatogram obtained for a mixture of these
compounds under the optimized conditions is shown in
Fig. 1.
Phthalate separation by liquid–liquid extraction
The phthalate esters studied were separated using a LLE
procedure. The sample was treated with sodium hydroxide,
to digest the fat contained in the sample and to favor the
migration of phthalates toward the extracting agent, and
hexane was used as an organic phase.
The initial conditions used to develop this study were
selected based on of the results obtained by Kambia et al.
[8]. Thus, 1 mL of parenteral nutrition and 1 mL of 1 M
sodium hydroxide were introduced into a conical glass
tube. The mixture was vortexed for 2 min, and then 2 mL
of hexane was added. The solution was shaken for 5 min
and centrifuged for 10 min at 3,500 rpm. The organic layer
(fraction 1) was separated and transferred into another clean
conical glass tube. The aqueous phase was extracted again
with 2 mL of hexane, and the mixture was treated as above.
The separated organic phase (fraction 2) was combined
with fraction 1, and the total organic phase was evaporated
Table 1 ES-MS parameters
Compound m/z DP FP EP
DMP 163.25 40.38 73.87 8
BBP 91.15 25 225 6
DEP, DBP, DPeP, DEHP, DOP 149.05 25 290 8.5
Nebulizer and curtain gas (N2), 14 psi; heater gas, 7,000 cm
3 /min; ES
temperature, 450 °C; ionspray voltage, 5,500 V; mode: positive
DP declustering potential, FP focusing potential, EP enhance
potential
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to dryness using a hot water bath under argon stream. The
residue was reconstituted with 500 μL of acetonitrile
containing 250 μg L−1 of IS and shaken for 1 min; finally,
10 μL of solution was injected in the HPLC-ES-MS
system. The parameters studied in this work were sodium
hydroxide concentration, volume of hexane, and agitation
time. The experiments were developed with two types of
parenteral nutrition containing aminoacids, glucose, and
electrolytes. The only difference was the presence or
absence of vitamins, which confer the lipophilic character
to the sample.
The first parameter studied was the volume of hexane.
Experiments were carried out using a blank sample of
parenteral nutrition (with and without vitamins) spiked with
100 μg L−1 of all phthalates studied and varying the volume
of hexane between 1 and 3 mL in each extraction
(extraction by duplicate). In these experiments, the other
parameters were fixed at 1 mL of 1 M NaOH and agitation
time of 5 min. The results obtained show that the signals
remain practically constant with the volume of hexane, for
compounds such as DEP, but in general there is an
improvement using 2 mL of hexane in each extraction. The
results were similar in the two types of samples studied; thus,
2 mL of hexane was selected to develop this study.
Another parameter studied was the sodium hydroxide
concentration. For this purpose, experiments were carried
out varying the NaOH concentration from 0 to 1.5 M. The
results obtained show that, in general, the extraction
procedure is improved by increasing the NaOH concentra-
tion until 0.1 M in both types of samples; concentrations
higher than 0.1 M decreased the percentage of extraction
for all compounds studied. Therefore, 0.1 M sodium
hydroxide was selected for this study. The result obtained
disagrees with the result obtained by Kambia et al., which
used 1 M sodium hydroxide in the extraction procedure.
This different result may be attributed to the different
composition of the samples analyzed.
The following parameter studied was the agitation time
during the extraction procedure. The experiment was
carried out varying the agitation time between 1 and
7 min. The best results were obtained using agitation times
of 3 min for all compounds in parenteral nutrition samples
without vitamins and 5 min for all compounds in parenteral
nutrition samples with vitamins.
Analytical performance
To evaluate the linearity of the method, a direct calibration
was performed. Ten microliters of standard solutions
in acetonitrile with concentrations ranging from 10 to
250 μg L−1 was injected by triplicate. Relative areas
(analyte peak area/IS peak area) were plotted versus
the amount of analyte injected, expressed in μg L−1, and
the background levels were subtracted from the results. The
results obtained show good correlation coefficients (r2>
0.9964) for all the studied compounds.
The standard addition method was applied over the same
range of concentrations using a parenteral nutrition sample
(with and without vitamins), obtaining good correlation
coefficients (r2>0.9910) for all the studied compounds.
To compare slopes of direct calibration and addition
graphs for the six compounds, the t test (95% significance
level) [42] was applied. Results for samples without
vitamins have shown statistically differences for DMP,
whereas statistically differences were observed for all
compounds for samples with vitamins. This means that
the sample matrix had influence in the sensitivity of the
method; thus, standard addition graphs have been used to
analyze the samples in all cases.
The limit of detection (LOD) and limit of quantification
(LOQ) for the method were calculated using 11 measure-
ments of an acetonitrile extract of a blank sample. This
blank sample was prepared with the same compounds that



























Fig. 1 LC/MS extracted ion
chromatogram obtained from a
standards solution (100 μg L−1)
in acetonitrile. Retention times
(RT; min): DMP 6.72, DEP
7.43, BBP 9.02, DBP 9.29,
DPeP 10.94, DEHP 26.71,
DOP 28.62
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avoid phthalates contamination and was then treated with
the liquid–liquid extraction procedure described in the
“Sample preparation” section. Limits of detection of target
compounds in the parenteral nutrition samples were
calculated from the instrumental detection limit, taking into
account the amount of sample extracted, the volume of the
organic phase used, and the recovery of the method. The
results obtained for LODs and LOQs for the different
samples (with and without vitamins) are shown in Table 2.
The limits of detection are between 0.1 and 10.8 μg L−1,
and the highest levels obtained were for DEP and DBP. The
LOQ obtained for DEHP is lower than those obtained by
Kambia et al. [8] (20 ng mL−1) for the determination of this
compound in this type of sample using HPLC-UV.
To check, the intra- and interday precision assays were
developed. For the intraday study, six aliquots of a
parenteral nutrition sample with vitamins and another six
without vitamins, spiked with 100 μg L−1 of all compounds
studied, were subjected to the extraction procedure de-
scribed above. The extracts were analyzed in the same day
for all compounds studied, and the relative standard
deviation was calculated. The interday assay was carried
out in the same way by subjecting 12 aliquots of spiked
samples (with and without vitamins) to the extraction
procedure in two different days. The RSD values were
between 2.4% and 9.4% in the intraday assay and between
3.3% and 12.9% in the interday assay; thus, the method is
precise for all studied compounds.
The recovery of the method was calculated using a blank
sample (with and without vitamins) spiked with three
different concentrations of these compounds (50, 100, and
200 μg L−1). The extractions were carried out by duplicate
and analyzed by triplicate and the recovery calculated using
the standard addition graphs. The average analytical
recoveries were 56.0%, 93.0%, 96.6%, 94.1%, 74.4%, and
74.3% for DMP, DEP, BBP, DBP, DEHP, and DOP,
respectively, in nutrition samples without vitamins, and
78.6%, 56.3%, 97.6%, 99.2%, 67.8%, and 105.2% for
DMP, DEP, BBP, DBP, DEHP, and DOP, respectively, in
nutrition samples with vitamins.
Application to parenteral nutrition samples
The proposed analytical method has been applied to the
analysis of different parenteral nutrition samples, with and
without vitamins, used in the public health system, in order
to check the presence of these phthalates and to determine
their concentrations.
All samples studied were prepared by the Hospital
Clínico Universitario de Santiago de Compostela Pharmacy
Department. These samples were prepared for neonates
admitted to the intensive care unit and stored in ethyl vinyl
acetate bags at −4 °C until analysis. The analytes were
extracted from the sample using the extraction procedure
described in the “Sample preparation” section.
The results obtained for these phthalates in the samples
(with and without vitamins) analyzed are shown in Table 3.
Figure 2 shows the chromatograms obtained for two
parenteral nutrition samples studied.
As can be seen in Table 3, the phthalates were not
detected in samples without vitamins or were detected at
very low concentrations.
The results obtained for parenteral nutrition samples with
vitamins were very different. All compounds studied,
Table 2 LODs and LOQs obtained for the six phthalates in parenteral
nutrition samples (without and with vitamins)
DMP DEP BBP DBP DEHP DOP
Nutrition without vitamins
LOD (μg L−1) 1.1 7.0 1.3 7.4 5.0 1.1
LOQ (μg L−1) 3.6 23.5 4.5 24.8 16.8 3.7
Nutrition with vitamins
LOD (μg L−1) 0.1 13.2 0.9 10.8 2.5 1.0
LOQ (μg L−1) 0.5 44.1 2.9 35.9 8.3 3.3
DMP DEP BBP DBP DEHP DOP
Samples without vitamins
Sample 1 nd nd 1.3±0.1 nd nd nd
Sample 2 nd nd nd 13.3±3.7 7.0±0.5 nd
Sample 3 2.40±0.9 nd nd nd 9.3±3.2 nd
Sample 4 nd nd 11.6±0.2 12.9±5.4 22.2±1.8 nd
Sample 5 nd nd nd nd 19.5±7.0 nd
Sample 6 nd nd nd nd 17.2±0.5 nd
Sample 7 nd nd nd 21.6±4.4 36.5±0.8 nd
Samples with vitamins
Sample 1 6.8±0.1 nd 6.1±0.3 35.3±1.5 215.1±3.9 nd
Sample 2 7.1±0.1 nd 5.9±0.1 42.4±4.7 993.7±4.2 nd
Table 3 Concentration
(μg L−1) ± standard deviation
(base on three replicates) found
in different parenteral nutrition
samples (without and
with vitamins)
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except DEP and DOP, were detected in the four samples
studied. The highest concentrations were obtained for
DEHP in all samples studied. This demonstrates that the
lipid content of the parenteral nutrition increases the release
of phthalates from the packaging to the sample.
Table 4 shows the results corresponding to the same sample
with vitamins before (sample A) and after (sample B) passing
through the administration tube. In this case, an increment in
the concentration of DEP and DEHP was observed. This
means that these types of components are employed in the
manufacture of infusion lines. As reported, these compounds
are usually present in plastics to improve their flexibility, and
this can entail a risk to the health of the patients.
Conclusion
A sensitive and precise method to separate and determine
six phthalates in parenteral nutrition samples by HPLC-ES-
MS was optimized. An LLE method to separate and
preconcentrate these compounds in the samples was studied
using sodium hydroxide and hexane as an organic phase.
The proposed method was applied to the determination of
these compounds in parenteral nutrition samples with
different compositions. The only difference of these groups
of samples is the lipid content (samples with and without
vitamins). The results obtained show that the presence of




















































Fig. 2 LC/MS extracted ion
chromatogram obtained from
parenteral nutrition sample
without vitamins (a) and with
vitamins (b)
Table 4 Concentration (μg L−1) ± standard deviation (base on three replicates) found in a sample with vitamins before (sample A) and after
(sample B) to pass through the administration tube
Samples DMP DEP BBP DBP DEHP DOP
Sample A 6.7±0.1 35.0±7.9 5.3±0.1 29.6±1.5 1,605.6±9.1 nd
Sample B 7.8±0.1 120.2±1.9 5.3±0.1 17.8±2.2 1,910.8±12.0 nd
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compounds from the infusion bags to the sample. This is
due to the fact that the lipid content (some vitamins) favors
the release of these compounds from the bag because
phthalates are lipid soluble and are not chemically bound to
plastics. Moreover, an increase of the DEHP and DEP was
observed in the sample passed through the administration
tube used to supply the nutrition to the patient. The results
confirm previous findings [43–45] and show that infusion
lines leach plasticizers in substantial amounts. This large
amount of phthalates (especially DEHP) is a cause of worry
because it may affect the most vulnerable patients.
Control of material used in the manufacture of medical
devices is important to avoid exposure to toxic contami-
nants, like phthalates, that may produce several complica-
tions in patients.
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A fast and simple method using liquid chromatography–tandem mass spectrometry (LC–MS/MS) has been
applied to identify and quantify four phthalic acid esters (PAEs) in different contact lens cleaning solutions. A
migration study of these compounds from contact lenses has also been performed. The PAEs studied were
dimethyl phthalate, diethyl phthalate, butyl benzyl phthalate and dibutyl phthalate. The migration of PAEs
from contact lenses was performed by suspending each contact lens in an artificial tear solution at 37 °C and
shaking it at 130 rpm for 24 h. The purpose of this study was to determine a possible migration of these
compounds to the eyes as a result of the use of contact lenses and their cleaning solutions. The method was
precise (with relative standard deviation (RSD) from 2.2 to 11.9%). It was also sensitive, with LODs of 0.03,
0.19, 0.31 and 2.62 μg L−1 for DMP, DEP, BBP and DBP respectively. The results obtained confirm the presence
of these substances in some types of contact lens cleaning solutions. Furthermore, DBP and BBPwere liberated
from the contact lenses during the migration study.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction
Worldwide production of phthalates and their frequent applica-
tion in different products for daily use has resulted in their
widespread presence in all parts of the environment. They are used
to make plastics more flexible and resilient, and are often referred to
as plasticizers.
Plastics are made of monomers and other starting substances
which are chemically reacted to a macromolecular structure, the
polymer, forming the main structural component of the plastics.
Different additives are added to the polymer to achieve defined
technological effects. Potential health risks may occur from non- or
incompletely reacted monomers and other starting substances and
from low molecular weight additives which are transferred via
migration from the plastic [1].
PAEs increase the flexibility of plastics only through weak
secondary molecular interactions with polymer chains. These com-
pounds are not covalently bound to the vinyl polymer matrix, and can
thus be released fairly easily from these products. These plasticizers
are found in products such as construction materials, medical devices,
toys, and food packaging. Some of these compounds are also used in
cosmetics, fragrances and personal care products [2].
A large number of these compounds have been identified as priority
hazardous substances by the European Union (EU), the US Environ-
mental Protection Agency (EPA) and by several international organiza-
tions [3–5]. Plasticizers can affect several aspects of human health
especially the reproductive, endocrine and respiratory systems and can
also produce dermatological problems [6–11]. Some phthalates such as
benzyl butyl phthalate (BBP), dibutyl phthalate (DBP), di-n-pentyl
phthalate (DnPeP) and di-(2-ethylhexyl) phthalate (DEHP) are classi-
fied as toxic to reproduction (category 2) by the European Union [12].
The results of toxicological studies have led to the prohibition in 1999 of
the addition of phthalates to prepare plastics intended for toys [13,14].
Recently, the European Commission has published a new regulation on
plastic materials and articles which will come into contact with food
(Commission Regulation (EU) Nª10/2011 of 14 January 2011). This
Regulation substitute CommissionDirective 2002/72/EC and establishes
the specific rules for plastic materials and articles to be applied for their
safe use. This Regulation includes the Union list which contains
substances authorized to be used in the manufacture of plastics which
will come into contact with foods [1].
The determination of phthalates is not an easy task, in fact their
widespread presence in laboratory environment, including air,
glassware and reagents can produce false positive outputs [15–17].
Therefore, the risk of contamination is present in the whole analytical
scheme, including sampling, sample preparation and analysis.
Several methods for PAEs determination at very low concentra-
tions in different matrices are found in the literature (water [16,18–
20], food [21–23], sediments [24], soils [25,26], biological samples
[27–29], toys [30–32], cosmetics [33], etc.). Different sample treat-
ments, extraction and preconcentration steps such as liquid–liquid
extraction (LLE) [34–37], solid phase extraction (SPE) [38–41], solid
phase microextraction (SPME) [42–44], stir bar sorptive extraction
(SBSE) [45,46] and solid/liquid extraction (SLE) [47–49] have been
used before the instrumental analysis to determine these compounds
in these types of samples.
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GC and HPLC as separation techniques coupled with different
detectors are the main techniques used in the literature for PAE
determination. The coupling of these separation techniqueswithmass
spectrometry and tandemmass spectrometry increases the sensitivity
of the method. The results found in the literature indicate that GC–MS
or HPLC–MS/MS present the lowest limits of detection [50].
In recent years, some authors have also focused their research to
study the migration of phthalates from different matrices. Earls et al.
[30] study the migration of some phthalates from toys and childcare
articles to saliva simulants. The authors determined the phthalates in
saliva by GC–MS. Bonini et al. also studied themigration of this type of
compounds from food packaging films by GC–FID [49]. The objective
of the present work is to evaluate the level of exposition to phthalates
and the risks to human health by studying the presence of these
compounds in contact lens cleaning solutions at sub ppm level, and by
performing amigration study of these compounds from contact lenses
to artificial tear solutions.
2. Experimental
2.1. Reagents and standards
All reagents used were of analytical reagent-grade. Dimethyl
phthalate (DMP) and Butyl benzyl phthalate (BBP) were obtained
from Supelco (Bellefonte, PA, USA). Diethyl phthalate (DEP) and
Dibutyl phthalate (DBP) were obtained from Riedel-de Haën (Seelze,
Germany). The purity of these reagents was over 98%.
Lichrosolv gradient grade acetonitrile and methanol were pur-
chased from Merck (Darmstadt, Germany). Technical-grade acetone
and glacial acetic acid (HPLC) for instrumental analysis were
purchased from Panreac (Barcelona, Spain). Ultrapure (resi-analyzed)
water for environmental inorganic and organic trace analysis was
supplied by J.T. Baker (Phillipsburg, NJ, USA).
2.2. Instrumentation
A Series 1100 liquid chromatograph from Agilent Technologies
(Waldbronn, Germany) was coupled to an API 4000™ Triple Quadru-
pole Mass spectrometer (Applied Biosystems, Concord, Canada)
equipped with a Turbo Ionspray™ ionization source. A Zorbax Eclipse
XDB-C8 column (3.5 μm, 2.1 mm×50 mm) from Agilent Technologies
was used for the separation. Data acquisition and processing were
performed using Analyst Software 1.4.2 (Applied Biosystems).
A Boxcult incubator situated on a Rotabit orbital-rocking platform
shaker (J.P. Selecta, Barcelona, Spain) was used to perform the
migration test from the contact lenses.
2.3. Glassware cleaning
Special care was taken to avoid the contact of reagents and solvents
with plastic materials. Because of the ubiquity of plasticizers and the
tendency of residues to persist, all glassware was cleaned prior to the
analysis according to the recommendations specified in U.S. EPA
Method 506 [51].
All materials were washed with hot water and soap, rinsed with
tap and ultrapure water and finally thoroughly rinsed with technical-
grade acetone. Glassware was then sealed with aluminum foil and
stored in a clean environment to avoid adsorption of phthalates from
the air.
2.4. Standard preparation
Stock standard solutions of each phthalate ester at a concentration
of 1000 mg L−1 were prepared in methanol, kept in darkness, and
stored at 4 °C in a Teflon-capped amber glass bottles until use. From
these solutions, a working standard solution in methanol was
prepared weekly containing all standards at concentrations of
100 mg L−1 each. Diluted working standard solutions were prepared
daily.
2.5. Sample preparation
Two types of sampleswere studied: contact lens cleaning solutions
and artificial tear solutions. All samples were purchased in
pharmacies.
The contact lens cleaning solutions were injected directly into the
liquid chromatography–tandem mass spectrometry system without
any pre-treatment step. The artificial tear solution was used in the
migration study of these compounds from contact lenses, using the
procedure described in Section 2.6. The artificial tear solution used in
this study was also injected directly into the LC–MS/MS system.
2.6. Migration test
The objective of this work was to check the presence of these
phthalates in contact lenses and to study their migration from contact
lenses to artificial tear solutions. The method is based on orbital–
horizontal shaking of the contact lenses with artificial tear solution,
under strictly controlled conditions of temperature, mode of me-
chanical agitation, contact time and volume of artificial tear solution.
The method is aimed at representing the human eye environment as
far as it is possible in the laboratory.
The contact lenses were put into the Teflon-capped amber glass
vials with 1 mL of artificial tear solution. The vials were incubated at
37 °C with orbital–horizontal shaking at 130 rpm for 24 h. The
solutions were then transferred to another glass vial and directly
injected into LC–MS/MS system. No sample preparation process was
necessary.
2.7. LC–MS/MS conditions
The LC–MS/MS conditions for DMP, DEP, BBP and DBP determi-
nations in aqueous samples were studied in a previous work
developed by our research group [52].
Ultrapure water and acetonitrile, both solvents containing 0.1% (v/v)
acetic acid, were used as a binary mobile phase. Phthalates were
separatedbyLCworking ingradientmode. The separationwasperformed
startingwith 5% of acetonitrile and increasing to 75% in 5 min,whichwas
increased linearly to 75% in 5 min. This composition was maintained for
8 min before returning to initial conditions. The columnwas equilibrated
for 10 min. Ten microliters of each sample was injected using the HPLC
autosampler configured with syringe washes between injections to
eliminate carryover. The flow rate was 200 μL min−1 and the column
oven was maintained at 40 °C. Under these conditions the separation
timewas less than 13 min. These optimal conditions are shown in Table 1.
ESI in the positive ionmodewas used to form the positively charged
analyte ions at the interface under fixed instrument settings (Table 1).
The combinations of precursor ion and product ions were as follows:
DMP (precursor ion→product ion, m/z 195→163), DEP (m/z
223→177), BBP (m/z 313→91) and DBP (m/z 279→149).
3. Results and discussion
Phthalates (DMP, DEP, BBP and DBP) were determined in contact
lens cleaning solutions and artificial tear solutions by LC–ESI–MS/MS.
The instrumental conditions used in this work were optimized in a
previously work [52]. The working conditions are described in
Section 2.7 and summarized conditions are in Tables 1 and 2.
One of the main problems involved in the determination of
phthalates is laboratory contamination [15]. It was not possible to
obtain zero method blanks for the phthalates analyzed. However, the
contamination level was reduced to a low and rather constant level by
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using high quality solvents combined with thorough rinsing of all
glassware with ultrapure water and technical-grade acetone. The
blank results were always subtracted to correct experimental values.
3.1. Analytical performances
Before the determination of these phthalates in contact lens
cleaning solutions and artificial tear solutions, the analytical charac-
teristics were studied.
The calibration was performed by the standard addition method,
using an artificial tear solution and working in a concentration range
from 0.5 to 100 μg L−1 for DMP and DEP, from 5 to 100 μg L−1 for BBP
and from 40 to 250 μg L−1 for DBP.
All the standard solutions were analyzed in triplicate. Linear
regression was performed by plotting the peak area versus concen-
tration. The coefficients of correlation (r) obtained were higher than
0.9985, indicating adequate linearity. The equations obtained for each
compound are shown in Table 3.
The sensitivity of the method was determined by calculating the
limit of detection (LOD) and the limit of quantitation (LOQ). LOD and







Where SD is the standard deviation of ten blank solutions and m is
the slope of the addition graph. A commercial artificial tear solutionwas
used as a blank. The results obtained for LODs and LOQs are shown in
Table 3. The LODs obtained are between 0.03 and 2.62 μg L−1. The LODs
and LOQs obtained in the present work were compared with values
found in the literature. To the best of our knowledge, there are no
published papers for the determination of these phthalates in contact
lens cleaning solutions and artificial tear solutions; thus, the values
obtained can be compared with the results obtained in saline or water
samples. Koch et al. [53] determined these phthalates in urine samples
by LC–MS/MSobtaining LODs from0.25 to 1.0 μg L−1. Gimeno et al. [54]
obtained LODs from 0.01 to 1 μg L−1 for these phthalates in water
samples using solid phase extraction previous to the determination by
LC–MS. In general, the LODs obtained in this work are comparable or in
some cases better than the values found in the literature. The advantage
of the proposed method is its simplicity and speed because no
preconcentration step is necessary. As sample manipulation is mini-
mized, the contamination problems are greatly reduced, allowing
phthalate determination at ppb levels.
The within-run precision was studied using an artificial tear
solution spiked with four concentrations of each phthalate (10, 25, 50
and 75 μg L−1 for DMP, DEP and BBP and 60, 100, 150 and 200 μg L−1
for DBP). Each solution was analyzed six times in the same run. The
results obtained are shown in Table 4. The relative standard
deviations (RSD) were between 2.2 and 11.9%; thus, the method is
precise for all the compounds studied.
The analytical recovery of the method was determined using an
artificial tear solution spiked with three different concentrations of
these compounds (10, 25 and 50 μg L−1 for DMP, DEP and BBP and 60,
100 and 150 μg L−1 for DBP). The spiked samples were analyzed three
times, and the recovery calculated using the standard addition graph.
The recovery percentages obtained are shown in Table 5. The average
analytical recoveries were 101.0, 100.1, 102.5 and 103.9% for DMP,
DEP, BBP and DBP, respectively.
The advantage of the proposed method is that it presents good
sensitivity and precision, allowing us to detect trace levels of these
phthalates with reduced analysis time. Moreover, the simplicity of the
method avoids contamination problems, very frequent in phthalates
determinations.
3.2. Application of the proposed method to contact lenses cleaning
solution
The proposed analytical method has been applied to the analysis of
different cleaning solutions commercialized in plastic bottles to check
the presence of these phthalates and determine their concentrations.
Samples analyzed in the study are available in two different plastic
packages, single-dose (samples 4 and 5) and multidose (samples 1, 2
and 3). All samples studied are all-in-one solutions that clean, rinse,
disinfect, store, remove proteins and lubricate soft contact lenses. The
samples were directly injected into the chromatographic system; no
sample preparation process was necessary.
Table 1
Operational conditions for LC–MS/MS.
HPLC (Agilent 1100)
Column Zorbax Eclipse XDB-C8 (3.5 μm
2.1 mm×50 mm)
Mobile phase Ultrapure water : acetonitrile (0.1% (v/v)
acetic acid)
Mode Gradient
Flow rate 200 μL/min
Oven temperature 40 °C
Injection volume 10 μL
MS/MS (API 4000)
Ion spray voltage 5500 V
Ionization mode ESI-positive
Curtain gas 25 psi (nitrogen)
GS1 (nebulizer gas) 50 psi
GS2 (auxiliary gas) 60 psi





Phthalates and their precursor and product ion transitions, potential optimization (DP:
declustering potential; EP: enhance potential; CE: collision energy; and CXP: collision cell




DP EP CE CXP RT
(min)
Dimethyl phthalate DMP 195/163 31 10 13 14 8.6
Diethyl phthalate DEP 223/177 36 10 23 12 9.6
Butyl benzyl phthalate BBP 313/91 41 10 23 6 11.6
Dibutyl phthalate DBP 279/149 50 9 11 10 11.9
Table 3
Linear range, correlation coefficients, LOD and LOQ values obtained from the standard









DMP 0.5–100 0.9993 0.03 0.09
DEP 0.5–100 0.9992 0.19 0.63
BBP 5–100 0.9988 0.31 1.03




10 μg L−1 25 μg L−1 50 μg L−1 75 μg L−1
DMP 8.6 5.1 3.2 6.4
DEP 11.9 7.4 4.1 10.7
BBP 2.5 4.1 2.4 3.7
60 μg L−1 100 μg L−1 150 μg L−1 200 μg L−1
DBP 8.5 4.7 2.2 5.4
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Results obtained are given in Table 6. Analysis of the results shows
that the phthalates studied were not detected in the cleaning
solutions purchased in multidose containers (60–120 mL). These
results can be attributed to the fact that the multi-dose containers are
rigid and they do not require the use of plasticizers in their
manufacture.
However, in samples purchased in single-dose containers (10 mL)
DEP, BBP and DBP were detected and quantified. DMP was not
detected in any of the cleaning solutions studied. DEP levels of 9.1 and
0.9 μg L−1 were detected in sample 4 and sample 5 respectively.
Sample 4 also presented DBP at concentrations of 19.7 μg L−1. BBP
was only detected in sample 5 in a concentration of 2.6 μg L−1.
The only differences between sample 1 and sample 4 are the
packaging (multidose or single-dose) and the wetting agent used
(sodium hyaluronate and polyvinylpyrrolidone, respectively). Both
samples are the same brand, but sample 1 was purchased in plastic
bottle of 60 mL, and sample 4 was purchased in a single-dose unit of
10 mL. The difference in the results obtained can be attributed to the
release of DEP and DBP, used in the manufacturing process to provide
elasticity to the packaging of sample 4. Figs. 1 and 2 show the
chromatograms obtained when analyzing both samples; significant
differences were found.
3.3. Migration study of phthalates from contact lenses to artificial tear
solution
In the second part of the study soft contact lenses were subjected
to a migration test. The aim was to evaluate the possible release of
phthalates from the contact lenses to artificial tear solution and
determine their concentrations. The method is based on orbital–
horizontal shaking of the contact lenses with artificial tear solution,
under strictly controlled conditions of temperature, mode of me-
chanical agitation, contact time and volume of artificial tear solution.
The method is aimed at representing the human eye environment as
far as it is possible in the laboratory.
Soft contact lenses classified by the FDA as non-ionic contact lenses
containing between 51 and 80% of water were studied. The main
component of this type of lens is t hydrogel, which consists of a solid
phase (polymer) dispersed in an aqueous phase.
Table 5
Recovery percentage±standard deviation (n=3).
Analyte % Recovery
10 μg L−1 25 μg L−1 50 μg L−1
DMP 98.9±4.9 100.4±5.2 103.8±3.0
DEP 106.4±0.5 93.7±7.7 100.4±4.4
BBP 108.7±1.7 97.2±2.8 101.5±3.0
60 μg L−1 100 μg L−1 150 μg L−1
DBP 98.5±0.9 99.5±0.6 113.8±3.4
Table 6
Concentration (μg L−1)±standard deviation (based on three replicates) found in
different contact lens cleaning solutions.
Cleaning solutions DMP DEP BBP DBP
Sample 1 n.d. n.d. n.d. n.d.
Sample 2 n.d. n.d. n.d. n.d.
Sample 3 n.d. bLOD n.d. n.d.
Sample 4 n.d. 9.10±0.47 n.d. 19.66±2.60
Sample 5 n.d. 0.92±0.13 2.62±0.01 n.d.





































Fig. 1. LC–ES–MS/MS ion chromatogram obtained for DEP in sample 1 (cleaning





































Fig. 2. LC–ES–MS/MS ion chromatogram obtained for DBP in sample 1 (cleaning
solution multidose) and sample 4 (cleaning solution single-dose).
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These contact lenses are disposable; each manufacturer sets the
period of use, which ranges between 1 and 30 days. Sample A was
Omafilcon A contact lens which contains 59% of water and its main
monomer is oxietilfosforilcolinamethacrylate. Sample BwasHioxifilcon
A contact lens (55% of water) that is made of a copolymer of GMA
(glycerol monomethacrylate)with HEMA (hydroxyethylmethacrylate).
Each contact lens was introduced into the Teflon-capped amber
glass vial with 1 mL of artificial tear solution. Another vial with
artificial tear solution but without a contact lens was used as a blank.
The vials were incubated at 37 °C with orbital–horizontal shaking at
130 rpm for 24 h. The solutions were then transferred to another glass
vial and directly injected into LC–ESI–MS/MS system. No sample
preparation process was necessary before the LC–ESI–MS/MS deter-
mination. The results obtained are given in Table 7. Results show a
significant release of some of the phthalates studied. DBP levels above
165 μg L−1 were detected in both cases. BBP was also detected. The
concentrations found were 3.1 and 3.9 μg L−1 for samples A and B
respectively. DEP was only detected in sample B at concentrations
near the LOD. DMP was not detected in any samples studied. The
results obtained in this migration study indicate that the daily use of
these contact lenses can be an important source of exposure to these
compounds. Research should be developed to minimize the release of
these compounds from the contact lenses, or to manufacture contact
lenses with materials free of phthalates.
4. Conclusion
To the best of our knowledge, this is the first time that the presence
of phthalates was studied in contact lenses and their cleaning
solutions. These products are used every day by many consumers
who are not aware of the impact of phthalates on human health.
A fast and simple method using LC–ESI–MS/MS has been applied.
Results demonstrate the presence of different phthalates in contact
lens cleaning solutions purchased in single-dose units. No phthalates
were detected in cleaning solutions packaged in semi-rigid or rigid
containers. These results are attributed to the plasticizers used in the
manufacture of single-dose packaging to make them softer.
Moreover, the migration test confirms the release of some
phthalates from soft contact lenses. The phthalate released in the
highest concentration was DBP with concentrations above 165 μg L−1
in contact lenses A and B. BBP was also detected in the two contact
lenses and the levels found were below 5 μg L−1. DEP was only
detected in sample B at levels near the LOD.
The results obtained in this study indicate that the use of certain
soft contact lenses might be of concern. Toxicological evidence
indicates an association between several of these phthalate esters
and risks to human health; therefore, more research studies are
needed to know in great detail the release mode and the maximum
amount of phthalates that can be released from these products.
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